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PREFACE

Research under OCD Work Unit 1115B began under Contract No. OCD-PS-64-56

and was managed by the Shelter Research Division of OCD. Management respon-

sibility for Work Unit 1115B was transferred to the !'. S. Naval Radiological

Defenze Laboratory (NRDL) on 12 May 1964 and a new contract, N-228-(62479)-66109,

was executed by NRDL. Final Report R-M-154, Cost and Protection Analysis

of IIYSS Structures, dated 22 January 1965, reported the research completed

under the original OCD contract. This report, R-(XJ-154/196, Analysis of Survey

Data. Part III (Protecticu Analysis of NFSS Structures), describes the research

accomplished under both contracts and therefore supercedes Final Report

R-W -154.



ABSTRACT

Key facilities (electric power plants, water treatment plants, hos-
pitals, fire stations, and comunications facilities) were analyzed to
identify recurring special shielding problems and to determine the importance
of massive, irregular spec.al equipment in affecting radiation shielding for
certain critical operations. It was found that interior contents are signi-
ficant, but only in a limited number of facilities. A computer program, written
in GAT symbolic language for use on a Univac 1105 Computer, foi: calculating the
protection factor (PF) in irregularly shaped structures with numerous building
construction changes was developed and is recommended for use in key facility
PF calculations.

A statistical study of National Fallout Survey Phase 2 building struc-
tural characteristics extracted from OCD files is reported. Included in the
844 buildings analyzed are 1030 basement shelter areas, 262 first story shelter
areas, and 838 upper story shelter areas. The modal value for basement sill
heights is 5 feet; whereas 80 percent of the sill heights for the first stories
are from 2 to 3 feet; and for upper stories 90 percent are from 2 to 3 feet.
Parallel partitions occur in 51 percent of the basement shelter areas, 68
percent of the first story shelter areas, and 78 percent of the upper story
shelter areas. Cross partitions occur in 761 of the 2130 shelter areas.
There were 493 areaways reported in 337 building parts. Sixty-six percent
of the areaways are 30 percent or less of the building side length and 83
percent are 5 feet or less wide.

"irea factors" are multipliers used to estimate the fraction of the
total floor area offering protection greater than a predetermined value.
The area factors used in the NFSS do not vary with structural details of
the building. Several shortcomings of these approximate area factors are
discussed. Analyses of shelters with only roof contribution and of shelters
with both ground and roof contribution are presented. Methods of determining
more nearly correct area factors for each situation are gIven for use with
simplified hand computational procedures. Lastly, for more exact computa-
tions, it is recomnded that the shelter area be calculated by computing
"l's at several offeenter locations and determining graphically the areas
which reach a prescribed PP.

A study was made to determine the effect an the PF of a shelter of
iagress of fallout pirticlee through open windows. PF's in the basement
and thLrd story of several hypothetical buildings were compared with "effec-
tive PI's" of the sam area assuming ingress fallout. The areal vast den-
sities of ingress fallout in the neighborhood of apertures were 2 percent and
20 pewrcent of the fallout density outside each hypothetical building. A change
in Pf of 10 percent or less was noted in more than 70 percent of the 128 cases.
A change of 25 percent or greater was noted in only approximately 10 percetit of
the cases.
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Chapter 1

Su ary

I. INTRODUCTION

This constitutes the firal report of research completed under OCD Work Unit

1115B, Analysis of Survey Data, Part III (Protection Analysis o& NFSS Structures).

This research was performed under office of Civil Defense Contract No. OCD-PS-64-56

and Naval Radiological Defense Laboratory Contract No. N 228(62479)66109 [Task Order

64-200(2)]. The contractual scope of work for Work Unit 1115B is included as

Appendix A.

The specific objectives of the Work Unit were to:

(1) Identify recurring special shielding problems and to determine the

L.,ortance of massive, irregular special equipment or interior contents

in ascertaining the shelter capability for certain critical operations

in "key facilities'' / in a fallout situation.

(2) Recommend modifications to computer programs for analyzing the protection

afforded by key facilities.

(3) Analyze the importance of areaways, interior partitions, and aperture

sill heights in the computation of the protection factor (PF) by

categorizing NFSS Phase 2 data for these characteristics.

(4) Determine the effects of combinatioqs of ground and roof contribution

on the usable shelter area of a building.

(5) Evaluate the effect of ingress of fallout particles through open windows

on the PF of a shelter.

/ The structure types considered as "key facilities" were electric power plants,
hospitals, fire stations, and communications facilities.

- 4



II. FINDINGS AND CONCLUSIONS

A. Key Facilities

A review of literature available for key facilities was performed to determine I
the recurring construction and operating characteristics. This review helped

to identify both the locations which must be manned for the operation of the

facility and the type and arrangement of equipment which contributes to struc-

ture shielding.

Theoretical shielding calculations were performed to evaluate the factors

involved in shielding afforded by large machinery and to determine if PF compu-

tational methods such as the Engineering Manual (Reference 1) are adequate to

treat such shields. It was concluded that, generally, interior contents can be

accounted for by homogenizing the material over the projected area it occupies

and including this material with that of an appropriate exterior wall or interior

partition. These data can then be used directly in the Engineering Manual

computational procedure.

Field analyses of key facilities reflecting various geographic and construc-

tion differences were conducted in Fort Lauderdale, Florida; Tulsa, Oklahoma;

Long Beach, California; and Lynn, Massachusetts. Operating stations for functions

that would require manning during and after an attack were identified and used

as detector locations for PP computations. The required locations were generally

found to be in the building parts of lightweight construction that were not near

the center of the building. Only two of the 26 facilities surveyed had PF's of

40 or more according to the NFSS on the stories of interest. Eight of the

r facilities had PF's that were higher than 40, as calculated by the more accurate-

RTI Key Facility Computer Program.

e.g., more nearly agreeing with the Engineering Manual method.
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The following conclusions were drawn from the analysis of key facilities:

(1) The RTI Key Facility PP Computer Program is adequate for analyzing

offcenter detector locations in irregularly shaped buildings.

(2) Interior contents are significant, but only in a limited number of I
facilities.

(3) PF's in the location of required operations are quite different from

those of the few facilities surveyed in the NFSS.

(4) The ability to change the fictitious building size in each azimuthal

sector yields a PF calculation as much as 25 percent greater in

irregularly shaped buildings.

B. Categorization

An analysis of building structural characteristics contained in NFSS Phase

1 data was previously reported in Reference 2. Pha4Q 2 data, which included

information on aperture sill heights, areaways, and interior partitions, were

not available during the time period reported in Reference 2. Therefore, this

study completes the evaluation of all building characteristics reported in the

NFSS for an original sample of 1541 buildings. Only 844 buildings of the parent

sample of 1541 were surveyed in the NFSS Phase 2. Data for building parts

(complex buildings in the NFSS were divided into rectangular parts) and shelter

areas (stories of building parts that have adequate protection; i.e., Py 40),

classed by protection factor, are of interest in determining the correlation

between structural data and protection from fallout radiation.

There were 1030 basement shelter areas, 262 first-story shelter areas, and

838 upper-story shelter areas, giving a total of 2130 shelter areas reported. A

total of 493 areaways were reported in 337 building parts. Of these areaway.,

.3-
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66 percent were in lengths of 30 percent or less of the building side length,

and 83 percent were 5 feet wide or less. Sill heights reported for basements

had a mode of 5 feet; whereas, 80 percent of the sill heights reported for first

stories were from 2 to 3 feet, and 90 percent reported for upper stories were

from 2 to 3 feet. Interior partitions were defined in the NFSS Phase 2 as either

"parallel" or "cross" partitions. Parallel partitions (partitions, such as in

corridors, that extend essentially the complete length of a building) were

r'eported for 51 percent of the basement shelter areas, 68 percent of the first-

story shelter areas, and 78 percent of the upper-story shelter areas. Cross

partitions (short partitions such as those separating adjacent rooms) were

reported for 761 of the 2130 shelter areas.

Information on the frequency of occurrence of structural characteristics is

also very important in the design of PF computer programs. For example, these

data indicate a need to include areaways in PF computations, and their variable

length suggests azimuthal sectors as the best method of approach. The number of

sill heights at the two-foot level emphasizes the importance of being able to

compute the direct radiation which would penetrate the one foot of aperture that

is below detector level. Large numbers of interior partitions were reported in j

Phase 2, but their locations mast be quantified for use in calculating roof

contribution.

C. Area factors

Area factors represent fractions of total floor areas which offer protection

greater than a predetermined value. For determining areas etmtes of the total

number of available shelter space by mahs usthode, the area facto approach

used in the 38 ?base I Ciupiter ?relrm we euselleot, laMyer, a careful

4Wai
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analysis of each building should be made before final determination of the actual

shelter area is made. Several sources of significant error using the NFSS area

factor method are: (1) cases in which center PF's are lower than offcenter

PF's due to mutual shielding or variation in grade level; (2) the effect of

special characteristics of interior partitions, floors, and apertures; and (3)

shelters with predominantly roof contribution.

Simple methods of determining usable shelter area for shelters with all roof

contribution, and with both ground and roof contribution, are presented. In a

related study, a simple technique for determining shelter boundaries in a

building by mJaking only one PF calculation in the shelter area was developed

and reported in Reference 3. The technique accounts for nonuniform ground

contribution as well as the characteristics discussed in Chapter 5.

D. Ingress of Fallout

A study was made to determine the effect on the PF of a shelter of ingress

of fallout particles through open window. Pros in the basement and third story

of several hypothetical buildings (2,000 and 10,000 square feet) with and with-

out ingress were compared. The areal mass densities of ingress . per square

foot used were 2 percent and 20 percent of the fallout denuii y outside each

hypothetical building. These amounts were chosen in order to ihow the extreme

effects of very little and large amounts of ingress fallout. Comparisons of

buildings with and without ingress fallout indicated the following:

(1) As expected, ingress fallout was found to have-less effect on the

initial PF (without ingress fallout) in the larger buildings.

(2) Ingress fallout has a greater effect on the higher initial PFs.

Ingress fallout is especially significant in basements due to the higher

initial PFs found in the basement areas.

-5-



(3) The offcenter detector data showed little difference from data for

the center.

(4) Contributions from the stories above and below the detector story

accounted for a maximum of 30 percent of the ingress contribution in

buildings with 20 psf floors, and less than 10 percent in buildings

with 80 psf floors.

(5) For upper stories, ingress fallout equal to 2 percent of the outside

concentration causes a maximum of 10 percent decrease in initial PF.

(6) The 20 percent concentration reduces the upper story initial PF by

as much as 30 percent in a building with interior partitions and by

approximately 50 percent without partitions.

(7) A maximum reduction of initial PF of approximately 55 percent is noted

for basement in both buildings sizes.

(8) A change in PF of 10 percent or less was noted in more than 70 percent

of the 128 cases. A change of 25 percent or greater was noted in only

approximately 10 percent of the cases.

-6-



Chapter 2

Analysis of Key Facilities

I. INTRODUCTION

Following an attack on the United States, the availability of essen-

tial goods and services is the key to survival and recovery. One purpose

of this study has been to identify recurring special shielding problems

and to determine the importance of massive, irregular equipment or interior

contents in ascertaining the shelter capability for certain critical opera-

tions in a fallout situation. The structure types considered as "key facili-

ties" were electric power plants, water treatment plants, hospitals, fire

stations, and communications facilities.

A review of literature available on facilities of this type was per-

formed to determine the recurring characteristics of-key facility construc-

tion and operation. The results of the analysis of electric power plants,

water treatment systems, and hospitals are reported in Section II below.

Consideration of shielding by interior contents expected in key facilities

led to calculations to evaluate the effect of apertures in shielding material

which either penetrate the shield completely, or which form cavities within

the shield. These findings are contained in Section III and Appendix B.

A field survey of selected facilities was also conducted to identify special

shielding problems and to determine the importance of interior contents.

This survey is discussed in Section IV.

The findings of these analyses are incorporated in the PF Computer

Program recommended in Chapter 3 for key facilities.

-7-



II. CHARACTERISTICS OF KEY FACILITIES

A. Electric Power Plants

Electric power generating plants may be grouped into three categories,

with similar shelter problems within each category (Reference 4). These

categories are:

(a) Hydroelectric,

(b) Steam turbine, indoor type, and

(c) Steam turbine, outdoor type.

Internal combustion driven plants supply such a small percentage of the

nation's total power that they are not considered. Hydroelectric plants

generally have areas that are suitable for fallout shelter with only supplies

needed. The older indoor type steam plants generally have areas that could be

converted into fallout shelters while most outdoor type steam plants do not

have areas that could be converted into fallout shelters without additional

construction.

It has been found (Reference 5) that representative hydroelectric plants

of the TVA system (Chickamauga and Fontana) have electrical control rooms which

have a protection factor of less than 100 and thus could not be occupied con-

tinuously by the same man during heavy fallout. However, areas with protection

factors approaching 1,000 are available at Chickamauga, and the inspection

tunnels within the dam at Fontana may approach a protection factor of 10,000.

The presence of very good shelter in the facility and the relatively small

amount of control required by a hydroelectric plant means that the problems of

operating in a fallout field are not so numerous and do not require the ex-

tensive protection factor studies which are required at some other types of

facilities.

-8-
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While the older types of outdoor steam plants have places suitable for

protecion from fallout, these spaces are generally located at points which

are remoteNrom the operating stations. Particularly in these older plants,

constant attendance at operating stations is required (Reference 4). Figures

la to le illustrate typical arrangements of the indoor type of steam turbine

plant (Refereices 6 and 7). These figures illustrate that while the location

of the control room varies from plant to plant it is often located 'so that one

or moze sides of the room are shielded by a complicated maze of pipes, furnaces

and boiler structure, etc. However, it is shown also that the control room is

often in a small adjoining building with a conventional office building type con-

struction on three sides. In aome of the older plants it is necessary for a man

to be in the turbine rcesm to monitor the turbine operations and to manually

adjust the steam valves when a unit is being brought on line.

In the outdoor type steam plant, the control room is often suspended

several feet in the air either between the boilers or on a light steel frame

on the side. With the room thub suspended, it offers very little protection

from fallout radiation. In this type plant, even when the control room is on

the ground, it is cf light office building type construction offering very little

protection.

In any coal fired steam plant, there would be problem with the fuel surply

in a fallout situation. First, the deliveries of coal would be disrupted,

making the plant dependent upon on-hand reserves for cperation until delivery is

resumed by the transportation industry. Also, in en intense fallout field,

the full utilisation of on-hed reserves would not generally be possible even

with autoated sytems. This is because bulldozers or a drsgline manned

from e lightly constructed building could not be operated to move the reserve

-9=
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FIGURE 1

Typical Arrangemnent of Power Stations

(Source: References 6 and 7)
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FIGURE 1 (Cot'd.)
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pile into the automatic conveyer system. For example, the Kingston plant

(Reference 5) has coal stored in the bunkers, which when full are adequate for a

34-hour operation of units 5 through 8 and a 45-hour operation of units 1

through 4.

Therefore, the considerations necessary in electric power plants are:

(1) Location of potential shelter areas in indoor type steam plants,

(2) Provision for adequate shieldirg for control points in the indoor plants,

(3) Locatlon of potent-"l shelter near outdoor type steamn plants, and

(4) Provision for decontaminetion of reserve coal handling areas and

of the entire outdoor type steam plants (Reference 8).

B. Water Treatment Systems

As stated in Reference 9, "....the major problem of water system operations

in fallout areas would be the exposure of water works personnel to radiition and

the availability of s "quate shelter at the plants.

"Secondary damage would occur to the treatment plant if it were left

running when operating personnel took shelter elsewhere and electric power con-

tinued to be available. After 1 to 3 days, filter beds would clog and cause

flooding and short circuits in electrical equipment. In the post-shelter period,

the time to re,.air this damage might be the limiting factor in making the water

system fully operational."

The problem of water works operation in a fallout environment is complicated

by the fact that there are many points within the plant which dust be manned.

In a typical treatment plant (Reference 9), the points which must be manned

(although not continuously) for the operation of the facility were:

(I) Pump control panels,

(2) hemical feeder control panels,

(3) Chemical feeder rooms, and

(4) Filter operating galleries.
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Typically these points are dispersed throughout the plant; personnel must

spend some appreciable time in very modest shelter (even if they do not have to

venture out of doors to riach some operation point). This would be true when

assumed that it is impractical to make the entire treatment plant a shelter,

or to create a shelter at each operation point. Both assumptions are

generally valid for existing facilities. Thus, the personnel operating a

water treatment plant i a fallout environment (even after an initial

shutdown during the period of maximum dose rate) require high PF fallout

shelter. Such shelter may often be found in the "pipe gallery" section of

the filter building (F~gures 2a to 2c) and, even in small filter plants,

certain locations may make excellent shelter (References 10 and 11).

Therefore, the considerations necessary for making water treatment

plants operable postattack are:

(1) Location of potential shelter areas,

(2) Determination of feasible improvements to make these areas very

good shelter,

(3) Detern'naticn of protection factor of other areas which personnel

must traverce or occupy periodically to operate the plant, and

(4) Making feasible improvewriuts in these areas as necessary.

C. Hospitals

Hospitals and the skilled staffs of hospitals would certainly be a key

to the postattak recovery of a population. However, the manner in which

this resource would be used is an important consideration in determining

the critical engineering characteristics of hospital structures which

would require modification for operation in a fallout situation.
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FIGURE 2

Typical Arrangement of Water Treatment Plants

(Source: Reference 11)
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In studying the effects of a series of attacks on the United States,

it is stated that (Reference 10):

"The hospitals do not survive quite in proportion to the
general population. However, Public Health Service Personnel
estimate that about 75 percent of the people occupying hospital
beds could be released without suffering deleterious effects.
Thus, after the rehabilitation of those surviving the injuries
received in the attack, the hospitals and medical personnel
should be able to handle the normal peacetime case load....

"Consider the case of Connecticut after the HM attack.
Damage assessments of the NREC indicate that there would be
1.2 million blast casualties (including immediate facilities)
and that only 593 hospital beds would be available immediately
after the attack. Of the casualties, 189,000 would survive
without treatment. Experience with battle casualties (Beebe and
DeBakey) indicate that about two-thirds of the remaining injured
would die the first day and 83 percent would die within two days.
Use of the Public Health Service Rapid Calculation for Use in
Estimating Health Resource losses indicates that about 2,500
of the 5,000 doctors in Connecticut would be among the blast
casualties. If a doctor can care for 10.5 casualties per day
(Beebe and DeBakey),the surviving 2,500 doctors could care for
26,000 casualties the first day and 52,000 in two days (pro-
vided hospital facilities are availablewhich they are not.)
Herzog estimates that medical care would decrease the number of
fatalities among those treated by 15 percent. Eighty-three
percent of the total casualties are in areas having fallout
intensities in excess of 1000 r/hr at 1 hour and have little
prospect of reaching medical facilities in any event. Finally,
medical personnel should remain in good shelter during the
attack and shelter phase rather than exposing themselves to
treat casualties. Their skill will be essential to the long-
term rahabilitation of the surviving population."

Thus the shelter problems in hospitals are of two types:

(1) Locate or develop really good shelter for the professional staff

of the hospital, and

(2) Locate shelter as good as possible fur the patients.

Acquiring shelter for the staff could involve surveying the hospital,

surveying nearby buildings or special facilities, improving shelter

space in the hospital or nearby, and constructing shelters.

Locating shelter for patients will perhaps involve some unique considerations.

For exanple, problems of quarantine or of imnobility may require certain patients
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to remain on a particular story or in a particular area, although higher PF

shelter might be available. Also, although 75 percent of the patients

might be released without suffering deleterious effects, it seems reasonable

to assume that as a rule, all patients would have to find shelter within the

hospital. It has been shown (Reference 12) that shelter with PF lover than that

included in the NFSS could be of substantial benefit. Thus, the protection

factor of the entire area of a hospital should be determined. Marking, in

the usual NFSS manner, might not be necessary or desirable. However, complete

protection factor information should be available to the director of operations

of the hospital.

III. SHIELDING AFFORDED BY IARLE MACHIPMY

A. Inrduto

In order to properly anticipate what portions of a structure might

serve as a shelter against fallout radiation, it is necessary among other

things, to determine the mass barrier thickness between the area being considered

and the presumed sources of the radiation. In most cases, this mass thickness

is composed of wall, floor,and roof weights. However, there are cases where

the effective wall weight may be many times that of the structure alone.

These are the cases where heavy machinery and/or other massive Items lie

betwem the source and shelter area.

B. *aiAsI lCal ations

Theoretical shielding calculations have been performd to evaluate the

factors involved in shielding afforded by Ia& machinery and to determine If

- 16°
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PF computational methods such as the Engineering Manual (Reference 1) are

adequate to treat such shields. These calculations are contained in

Appendix B. The equations were formulated and applied to what was considered

to be a worst conceivable case. A summary of the procedures used is given

below.

Of primary interest in the calculations was consideration of ducts or

holes passing completely or partially through massive items. For instance,

what is the shielding afforded by a generator or motor recognizing the

cooling passages along the armature? Or, what is the effect on its shielding

characteristics of a draft tunnel through- the base of a furnace? In

performing the calculations, ducts were considered to be straight cylinders

which go completely through a bulk shield (furnace, generator, motor, etc.)

in a direct line of sight from the source to the detector. This assumption

serves to emphasize the effect of ducts through the bulk material and thus

makes any conclusions regarding them and the radiation received through them

conservative.

It was assumed that the bulk material would be adjacent to an exterior

wal. The inside surface of this well was considered as the source plane for

the calculations. The radiation emitted from this exterior wall was assumed

to have a cosine distribution with reference to the forward direction.

Radiation incident on the bulk material was separated into vausa. coqionmnt:

(1) Radiation that penetrates solid material only,

(2) Radiation that streams down a hole in a shield without *ask% in

contact with solid material,

(3) Radiation that enters a hole end passes doa the hole after

scattarian from the material surrouning the bole, and

•17.
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(4) Radiation whicu starts out either in a hole and passes into solid

material, or starts out in solid material and penetrates to a hole

subsequently passing down the hole out of the shield.

There is radiation, of course, which will undergo multiple scattering and

thus may start out in a hole, penetrate to solid material and be scattered

back into a hole subsequently streaming down this hole out of the shield.

However, radiation of this type is much less iwportant than the aforementioned

because of the low probability of multiple interactions. Therefore, this

radiation was neglected in the considerations. Scattering of radiation from

the side walls of a duct was calculated using albedo theory. !he transmission

of radiation through solid material was calculated by determining a barrier

factor for this material exposed to a cosine distribution.

The characteristics of heavy machinery vary considerably; the example

was chosen to emphasize the Importance of ducts through machinery and voids

within it. The relative contribution to dose of each component of radiation

was computed and compared with the dose contributions due to other components.

The particular example chosen assumed a machin approximately 20 feet thick

with a metal content of approximately 30 percent of the total volm. Pasing

through the machine ers assumed to be 30 six-inch diameter ducts in 100 square

feet of front shield surface.

C. Zj1AtW'm r.% ftnam

an results of the calculations show that the lagest componet of dose

received behind a bulk shield is due to transmission through the solid material.

t other contributions to radiation dos (due to duct streaming and scattering

into ducts, etc.) were tound to give adliation dose contribution which is

o 18o
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smaller than the dose due to transmission through solid material by more

than an order of magnitule. The results of these cal,:ulations were

compared with experimental data on bulk shielding of fission gamma

radiation. The comparison indicated the theoretical approach is conservative;

the calculations predict a higher relative dose through the ducts than is

experimentally measured.

It was therefore concluded that the shielding afforded by bulk material

can, to a good approximation, be accounted for by homogenizing the material

over the volume it occupies and including this material with that of an

exterior wall or interior partition in front of which it is located. The

details of this treatent are shown in Section IV,"Application of Results",

of Appendix B.
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IV. FIELD SURVEY OF KEY FACILITIES

A. Survey and PF Computational Procedures

The field analyses of key facilities reflecting various geographic and

construction differences were conducted in Fort Lauderdale, Florida; Tulsa,

lahoma; Long Beach, California; and Lynn, Mssachusetts. Facilities

surveyed in each city were selected in consultation with the Local OCD

Director, who also obtained permission to survey the facilities.

Operating stations for functions that would require manning during and

after an attack were identified and used as detector locations for P compu-

tations. The required locations are generally found to be in lightly shielded

areas that are not near the center of the building.

Structural data necessary to compute protection factors at the locations

of the essential operating functions were obtained by reviewing building plans,

when available. Of the 26 buildings surveyed, building plans were obtained

for 21. Included in the shielding analysis were machinery and other interior

contents interposed between the contaminated planes and the detector locations,

as well as all interior partitions, exterior walls, etc., which are cmonmly

used in PF coputations. The buildings were often of irreSular shape and

construction.

Contaminated planes which would affect each structure were determined by

ezamining Snborn Maps and by visual inspection of structures for which maps

did not exLst. In all cases, sketches were mdc of the surroundig areas to

verity the Sanborn Map da and to supplasut it with ew construction data,

hei&ht of terrain, etc. Peculiar co tminated planes such as filter tanks

at water plants, cooling water stre at power pl at, etc.,, were included

in the analysis of the facilities.

* 20 o



Because Engineering Manual computations are quite eytensive for complex

structures, a computer program designed primarily for key facilities was

developed and is described in Chapter 3. Special conputationa problems

associated with key facilities wich this program can handle are:

(1) Arbitrary offeenter detector locations -which are handled by

(a) Reporting planes of contamination and structural details relative

to the offcenter detector rather than the center of the

building part, anu

(b) Changing the building width and length within each sector to

ref the proper distances to contaminated planes rather than

having to use a single rectangular approximation of the entire

building part.

(2) Shields that do not shield an entire wall, which are handled by

changing the partition (or machinery) and/or exterior wall

mass thicknesses, as required, for each simuthal sector.

In addition to handling these special problem awaociated with key faci!lties,

the pv.ogran also has the following capabilities which are useful for evalu-

ating buildings of any type:

(1) Sill heights are reported to the nearest foot,

(2) Aperture percentages wy change by s.uAmthal sector, and

(3) 1he contTibutiona frm each plane of each sector are reported

eaparntely fov each contributing story, thus pea tting a couplete

analysis for potential shielding improvemnts.

i -21-
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B. Findings

Figure 3 shows the. Saint Francis Hospital, Tulsa, which is an excellent

example of unusual shape, unusual partition locations, and requires offcenter

detector locations. The location of the NFSS Phase 1 detector is shown as well

as three important locations chosen by RTI and hospital personnel: iperating

room, X-ray area, and a laboratory. As shown on the figure, the RTI PF's were

196, 37, and 19, respectively, and the NFSS Phase 2 PF was 45 for the center

of the building. An analysis of irregularly, shaped structures such as this

indicated that the computed PF can increase by as much as 25 percent if the

building width and length can be changed in each azimuthal sector. The PF

always increases using this procedure as long as the original rectangular

approximation reported by the Architect-Engineer (AE) is smaller than the

maximum dimensions of the irregular building. This is almost alw3ys the case

because AE'a were directed to ignore small wings and irregular protrusions.

Table I show* protection factors for each of the key facilities, without

interior contents, and if they were significant with interior contents also.

The NFSS PF category for the center of the building is also shown when avail-

able. Because of the msniimiA space requireents for 50 persons in the HYSS,

and lighbIisht construction, only two areas of interest in the 26 key facili-

ties had l's as high as P? 40 calculated in the iFSS.

Descriptions of the buildings surveyed are contained in Appendix C.

Exterior photographs, an indication of the essent al functions performed,

and the type of construction are reported.

-22°
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TABLE I

Protection Factors of Key Facilities
at Essential Operating Locations

PF With PF Without NFSS PF 3/
Contents Contents ACjgory-

Fort L aderdale. Florida

1. Five Ash Water Treatment Plant 12
2. Ft. Lauderdale Water Dept. (Dixie Plant) 16
3. Southern Bell Telephone Company 300
4. Municipal Court Building (Police) 7.0 4
5. Florida ?ower and Light Company 4.5
6. Fire Station Number 1 4.6
7. Holy Cross Hospital 165

Tulsa. Oklahoma

8. Tulsa Water Treatment -

Boiler Control 9
Turbine Control 4
New Filter Control 9
Old Filter Control 13

9. St. Francis Hospital -

Surgery 196 2
X-ray 37 2
Lab 19 2

10. Fire Alarm Building 16 15
11. Tulsa P'ower Plant -

New Control Room 35 29
Old Control Room 33
Dispatcher's Office 31

12. Tulsa Police Communications 52

Long Beach. California

13. Long Beach Gas Compressor Plant 4 4
14. Alamitos Generating Plant - Control Room 37
15. Long Beach Water Treatment Plant (New

Pumping Plant) 7
16. Long Beach Fire Alarm Building 16 13
17. Long Beach Community Hcpital - Operating Room 45
18. Cineral Telephone -

Trouble Shooting Board 312 223
Switchgear 690 81
Information & Long Distance Operators 80 76

19. Long Beach Police Communications 2

Ln.MaUhuselts

20. New England Telephone Company 142
21. Lynn Coummunity Hospital 22
22. Lynn Police Headquarters 10
23. Fire Comunications Center a
24. Lynn Waterworks (Walnut St. Pumping Station) 17
25. Massachusetts Gas and Electric Company,

Lynn Station - Boiler House 16
26. Massachusetts Gas and Electric Company,

Lynn Station - Control Room 14

3/Buildings that do not have shelter as high as Pr. category 2 (PY 40 or more) are
not included in the NYSS.

= 24 -



C, Conclusions

1. The RTI Key Facility PF Computer Program is adequate for analyzing

offcenter detector locations in irregularly shaped buildings.

2. Interior contents are significant in a limited number of facilities.

3. PF's in the location of required operations are quite different

from those of the few facilities surveyed in the NFSS.

4. Changing the fictitious building size in each azimuthal sector

can increase the computed PF by as nch as 25 percent in irregularly

shaped buildings.
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Chapter 3

Computer Program for Key Facilities

I. INTRODUCTION

Key facilities, such as power plants, water plants, etc., are usually of

nonuniform construction, irregular shape, and in some caseG they have signi-

ficant interior equipment. The computer program described in this chapter is.

based on the Engineering Manual (Reference i) and was developed to compute the

PF's of key facilities (see Chapter 2). It is designed to be very flexible

and permit the user to account for special building and contaminated plane

details.

Contributions from setbacks below the detector and limited planes of con-

tamination (including areaways) are calculated for the detector story and the

stories above and below the detector story. The effects of ape:tures, interior

partitions, mutual shielding, and bilding geometry are included. Roof contri-

bution is not calculated and must be done by hand and added to the machine

computed ground contribution.

Major differences between the program and other programs used in surveys

of structures are:

(1) more azimuthal sectors are allowed ar.d building construction changes

(walls, partitions, and apertures) may be accounted for in each aictor,

(2) shielding by interior contents can be computed,

(3) macor changes in vertical ronstruction carn be handled by using a

zero floor weight at the point of change, and

(4) irregularly shaped structures can have a different shape factor input

for each azimuthal sector.

The program is quite useful in verforming "sensitivity analyses" of

various construction characteristics. It hoe also been used extensively under

OCD Subtask 3233B to determine the effects of deconta.ination (Reference 13).

- 26 -
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This program was written in the GAT /symbolic language for use on the

Univac 1105 Computer located at the University of North Carolina, Chapel

Hill, N. C. Due to input and output coding characteristics of the GAT

language, the program is limited to handling 10 stories and 20 sectors per

building.

It is recommended that this program, as fully described in Appendix D,

be used for the computation of ground reduction factors in all key facili-

ties.

II. PROGRAM DETAILS

A. Input

The required input data for the program are sho4n in Tabs 1 ard 2 nf

Appendix D and a list of GAT variables used in the program is sho .n in Tab

3 of Appendix D. Data shown in Tab 1 are required for each building and

data of the type shown in Tab 2 are required for each sector in the -7ilding.

Each sector is reported almost independently of the other sect, ra with the

only common data being floor and ceiling weights and heights of the detector

story, story above, and story below.

All data are reported for a specific detector location on the first

story (the same relative location is computed on all otner stories).

Frequently, an offeenter location is needed to evaluate various operations

in a fallout environment.

B. Comutational Procedures

A generalized flow chart of the program operation is shown in Figure 4

and detailed flow charts are contained in Tab 4 of Appendix D. Basically

the program consists of five major parts: (1) basic setup of data for each

sector on each story, (2) computation of the contribution coming through the

j1GAT iv Univec's "Generalised Algebraic Translator" symbolic language.

-27-
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FIGURE 4

Flow Chart of Cmputer Prokram for Key Facilities
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wall of the detector story, (3) computation of the contribution from the

story directly above the detector story, (4) computation of the contribution

entering from the story directly below the detector story, and (5) computation

of the contribution coming from the first-story wall to a basement shelter.

The various wall contributions have within them routines to compute the skyshine,

scatter, and direct contributions from the contaminated planes.

Functional equations, using nymbols of Reference I , for the above compu-

tations are:.

1. Detector Story

a. Direct Contribution with Sill at or Above Detector ",evel

A
Z B (Xf H) B(X 3)

360 v e, 4 w i,' Gd(Wjd,H 4 ) [1-S w (Xe)]

b. Direct Contribution Through Apertures

A'
ma B(XV,3,) G(w 8 ) B(X - o,4)

360 w V d j 4 we

At--. !za rd(wj s a, ) B a(Xi3, ) [1-S (Xe) B X ' ]
360 d La 4 w i, V elS() V (el H4 )

c. Scatter Contribution

A a3 W (W a
. 5 ,(xe, H4) B,(X,') [ [G (w ) + G,(%)] Sw(X B(e )
360 V'

A
- g B (Xi,31) B,(w ,X) G(Wa) SW(x) ,(e)

d. Skyahiri Contribution

A

30 w(X 4) W(xi' 3) [1-8 [a - 'ga (w0)]

A a
+ , AV(i' 31) Ga(30) 5 w (Xa O.U4)
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2. Story Above

A
.360 B(X i s 3') Be (Xo) B Bs (w so Xe)[Gs (wul) G S(wu)] S(Xe) E(e)[l-A PS

+ B(X Hu) [G (w) - G (w) ] [1-S (X)] [1-A)I + B(X - 0,H4) Aps

[G( ) - Ga (w) }
3. Story Below

A
6 B(Xt'31) Bo(z B (XeH,)[Gt(w' H) Gd(wd, H)] [l-S(X)][l-Ad

360 w(iI B0(f) w veALiWd u dd u v e pd]

+ Bs(wXe) [G (w') - G (wl)] S (Xe) E(e) [1-A p

+ [Gd(wid H4) - Gd(wid H4 )] B(Xe -OH 4 ) Apd }

4. First Story Contribution to Basement

A360 x 'oX 1-S(X )] B ) . ue( a uG(%)?
30 B (XiS3') B"IX" e B X1F)' -G(w)

-P (Ge(' ) G(+) +P (Ge( )]+ ( ,x) s (Xe) E(a).
xca us) a uaza a (ua) we se ve

-- Gs(w P (G(w) - Ge(w

Symbols not defined in Reference 1 are:

Az - Degrees in sector

A - Degrees of aperture in sector for scatter

A' - Degrees of aperture in sector for directa

A - Fraction of aperture for Okyshine
pa

A.- Fraction of aperture for direct

A ftection of aperture for scatterps

P - Perimeter ratio of apertures in ectora

we - Solid aInle fraction to top of vindor., or detect4,r story

w - Solid angle fraction to floor of detector story

- 30 -
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w Solid angle fraction to floor of story below

W,; Solid angle fraction down to lower sill

W d story angle fraction down to direct inner wall crossing on detector

W;d= Solid angle fraction down to direct inner wall crossing on story below

- Solid angle fraction up to ceiling of detector story

W1' - Solid angle fraction up to ceiling of story aboveU

w- Solid angle fraction up to lower sill in story above

ua'=Solid angle fraction up to top of aperture in story above

w One half of the solid angle fraction from the midwall to a plane
composed of the source plane and its wall reflected mirror image.

NOTE: Both Gd and Es look-ups may be differenced values if there are

limited planes of contamination or mutual shields.

C. Output Data

A sample output form is shown in Tab 5 of Appendix D and a description

of the variables used in the output form is in Tab 6. The following output is given

for each detector location in a building:

(1) Contribution from each plane of each azimuthal sector for the de-tector

story, the story above the detector story, and the story below the

detector story (contributing stories).

(2) Total contribution from each sector for each contributing story.

4

(3) Total contribution from all sectors for each contributing story.

(4) Ttal contribution from all contributing stories.

Much of the output is not necessary for analyzing key facilities; howeverit

is useful in other applications such as decontamination.
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III. COMPARISON WITH HAND CALCULATIONS

Although the program uses close spacing in its tables, it does not inter-

polate between values (selects midvalues) and therefore a slight difference

between hand and computer results may occur due to table look-ups. The

computer program results have been within five percent of the value obtained by

Engineering Manual hand calculations in twenty comparisons.
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Chapter 4

Categorization of NFSS Phase 2 Data

I. INTRODMCTIM

Categorization of structural characteristics of NFSS buildings is of

interest to determine the correlation between structural data and protection

from fallout radiation afforded by shelter areas 5/ and building parts. Informa-

tion on the frequency of occurence of structural characteristics is also very

important in the design of PF computer programs. Under OCD Subtask 1115A

(Reference 2), RTI made a statistical study of building characteristics which

were reported in the NFSS Phase 1. The following analysis of areaways, aperture

sill heights, and interior partitions, which were reported in the NFSS Phase 2

on a data collection form as shown in Appendix E, completes the analysis of

NFSS structural data. Should additional analyses be desirable, these data will

be maintained in file.

II. SAHPU CHARACTERISTICS

The sample of Phase 1 data which ws categorized in Subtask 1115A contained

1541 buildings. Only 844 buildings of this parent sample were surveyed in Phase

2 and are included in the sample of Phate 2 datq to be categorized. Phase 2

instructiormstate that all sheiter mreaa survayed in Phase 1 must be at least

PY Category 2 for additional ashly-ts in Phase 2. Theretiore, 483 of the 1541

buildings in the Phase 1 sample were eliminated in the Phase 2 sample because

they contained only Pt Category 1 shelter areas. Also, Phase 2 data were not

reported for 214 other buildings in the sample for one of the following reasons:

1. Permission to survey the building in Phase 2 war t given by the

building owner.

21 It is important to note that shelter ares are stories containinR shelter in
a building or building part. Thus, a "shelter area," as used in this chapter
is not necessarily the whole of the NESS sheltor in a single story of a
building.
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2. The building had been destroyed since the Phase I survey.

3. Analyils or cost estimates were not made for shielding improvements

to PF Category 2-3 shelters above the first story, hence these

shelter areas were not included in Phase 2 data.

General characteristics of the Phoe 1 and Phase 2 data used in categori-

zation and characteristics of their parent population are listed in Table II.

It is expected that the tabulations of the Phase 1 structural characteristics

for the sample oi 844 Phase 2 buildings would ditfer slightly from those for

the sample of 1541 buildings. Such a comparative analysis has not been made.

III. DATA ANALYSIS

A. General

The Phase 2 data categorized in this report contained 844 buildings and

1167 building parts. In these building parts, there were 1030 basement shelter

areas (story in a building or building part), 262 first-story shelter areas,

and 838 upper-story shelter areas, giving a total 2130 shelter areas reported.

The distribution of these shelter areas by P1 category is shown in Table III.

Of the 1167 building parts, 88 percent (1030) contain basement shelter areas

which account for 48 percent of the total shelter areas in 1P Categories 2

through 8. The Phase I data indicated that 81 percent of the building parts

contained basement shelter areas. The increased perc*ntage of basement shelter

areas in Phase 2 is expectef% because of the number of Phase 1 upper-story shelter

areas in PF Category I which were not further evaluated in Phase 2.

etsils of the categorization of Phase 2 data are presented in tabular and

graphical form in Appendix P.

S. Aog=

There vere 403 areawy. reported for the 844 buildings categorized. Of

the 1167 building p*rts reported, 337 have one or more areaways. A total of
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TABLE II

Phases 1 and 2 Categorization Sample Characteristics

1. Total number of shelter areas (Total NFSS Phase 1) - 1,042,027

2. Total number of buildings (Total NFSL Phase 1) = 308,130

3. Total number of btildings rejected (Building containing no shelter areas

rated in P Category 1 or higher were rejected) - 73,646

4. Total number of buildings in the Phase 1 sample - 1541

5. Total number of buildings in the Phase 2 sample = 844

6. Total number of building parts in the Phace 1 sample - 2091

7. Total number cf building parts in the Phase 2 sample - 1167

8. Total number of shelter areas (PF Categories 1 through 8) in the Phase 1

sample - 4421

9. Total number of shelter areas (PF Categories 2 through 8) in the Phase 2

sample = 2130

TABLE III

Phase 2 Shelter Areas by PF Category

PF Category 2 3 4 5 6 7 8 Total

Basement Shelter Areas

Number 250 97 194 136 112 58 183 1030

Fraction .2428 .0942 .1883 .1320 .1087 .0563 .1777 1.0000

First Story Shelter Areas

Number 97. 29 66 30 22 7 11 262

Fraction .3702 .1107 ,2519 .1145 .0840 .0267 .0420 1,0000

Upper Story Shelter Areas

Number 218 91 24a 130 95 30 26 838

Fraction .2602 .1086 .2959 .1551 .1134 .0358 .0310 1.0000
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109 of these building parts had areaways reported on more than one building side.

Table F-I of Appendix F shows the distribution of the 337 building parts

containing areaways by PF category. Areaway3 occur most frequently in the lower

PF categories; however, a significant number appear in all categories, with PF

Category 8 having 37, or 11 percent of the total areaways.

Table F-II and Figure F-1 give the total areaways in all PF categories by

width (from 2 to > 10 feet) fnd by percent of building side length (0 through

90 percent). These data indicate that 66 percent of the areaways are 30 percent

or less of the building side lei\-,th and that 83 percent are five feet or less

wide. This information helps to justify the use of azimuthal sectors in a PF

computer program rather thai having to assume that the areaway runs the entire

iength of the building. If an areaway is left out of a computation, the PF is

noneonservative; if it is considered to be the total length of the building,

the PF is too conservative.

Tables F-Ill through F-IX and Figure F-2 through F-8 show the number of

areaways in each PF category by width and length. There is no marked difference

in the number of areaways reported by PF category; PF Categcry 8 has as many

or more than PF Categories 3, 6, and 7 and almost as many as PF Category 5.

The data for each PF ,.ategory are like that for total areawaye in that the

majority of areaways in each category are 30 percent or less of the building

side length and are five feet wide or less.

These data regarding the occurrence and size of areaways are especially

important when it is understood that the presence of an areaway can change the

PF of a shelter by at least one category. For example, the ground contribution

in a 90 foot x 110 foot unexposed basement with 70 psf exterior walls increases
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by 90 percent when an areaway 5 feet wide by 55 teet long (with 15 percent aper-

tures) is added adjacent to the long side of the basement.

C. Aperture Sill Heights

Table F-X gives the total basement, first-story, and upper-story shelter

areas with aperture sill heights reported by PF category. Sill heights were

reported for only 625 of the 1030 basement shelter areas categorized; however,

it is more interesting to note that 56 of the 262 first-story shelter areas and

19 of the 838 upper-story shelter areas had no sill heights reported, thereby

indicating no apertures for these 75 shelter areas. This would cause the shelter

area to have higher PF's, but it also means that these areas would require

additional ventilation to be eligible for marking at 10 square feet per shelter

space.

Sill heights reported in the basements, first, and upper stories are given

in Tables F-XI through F-XIII and in Figures F-9 through F-ll. In basements,

the vast majority of the sill heights are from 3 to 6 feet for each PF category,

with the mode being 5 feet. Seventy-five percent of the sill heights are reported

in PF Category 5 or less shelters. For first stories, 80 percent of all sill

heights are from 2 to 4 feet and 89 percent of all shelters with sill heights

reported are in PF Category 5 or less. In upper stories, 90 percent of the sills

are from 2 to 3 feet high and none are higher than 5 feet. The most significant

conclusion one can draw from these data is the clustering of sill heights around

a 3-foot high detector location. This requires that computer programs must be

able to determine the direct radiation penetrating the one foot of aperture when

a 2-foot sill is reported. NFSS Phase 1 calculations assumed sill heights to be

zero; Phase 2 adjustments were based on zero or 3 feet, with no intervening heights.
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I
D. 'nterior Partitions

1. Parallel Partitions

The total numbers of basement, first-story, and upper-story shelter

areas with parallel partitions reported are presented in Table F-XIV

by PF category. Parallel partitions were reported for 525 of the 1030

..basement shelter areas (51 percent), 178 of the Z62 first-story shelter

areas (68 percent), and 656 of the 838 upper-story shelter areas (78

percent). In the Phase 1 categorization sample, only 17 percent of all

shelter areas had interior partitions reported because only load bearing

or fire break partitions were reported.

In order to categorize these parallel partition data by shelter

areas, it was necessary to determine an average partition psf for each

shelter area. Therefore, the average partition psf reported for each

of the four sides was multiplied by the number of parallel partitions

reported for that side; these four products were added and then divided

by four in order to get the average psf for each shelter area. These

parallel partition data are reported in Tables F-XV through F-XVII and

Figures F-12 through F-14 of Appendix F for basement, first., and upper

stories by PF category and average psf per shelter area.

The number of parallel partitions (in each psf) reported in basements

surprisingly are evenly distributed by PF category and they have a

median of 25 psf. It is also important to note that 19 percent of the

partitions are an average of 60 psf or greater.

In first stories, the psf of parallel partitions is quite variable

with a median of 30 psf. PF Category 2 contains 34 percent of the

partitions and PF Category 4 contains 28 percent.
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In upper stories, the median is 25 psf. PF Category 2 accounts

for 23 percent of the partitions and PF Category 4 has about 32 percent.

Partitions of 30 psf or greater are reported in 65 of the 218 PF Category

2 shelters. The barrier factor for 30 psf is approximately 0.5;

therefore, the Phase 1 PF must have been no more than 35 or the principal

contribution in these shelters must have ccce from the roof. Other-

wise, these shelters would have been placed in PF Category 3 (e.g.,

maximum reduction factor of .025 for PF Category 2 x 0.5 = .0125, which

is within PF Category 3). This point emphasizes the need for PF computer

programs to accoant for partition location in order that partitions

may be used in calculating roof contribution. Four shelters were

reported with an average of at least 100 psf partitions and yet remained

in PF Cat.gory 2.

2. Cross Partitions

Cross partitions are those partitions separating adjacent rooms,

as shown in Figure 5. The numbers of each type of cross partition

reported are shown in Table F-XVIII and a breakdown by shelter area and

PF category is given in Table F-XIX. Cross partitions were reported

for 761 of the 2130 shelter areas categorized. Of these cross partitions,

there were 245 reported for basement shelter areas, 98 for first-story

shelter areas, and 418 for upper-story shelter areas, which is 24, 37,

and 50 percent, respectively, for the total basement, first and upper-

story shelter areas.
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FIGURE 5
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The cross partition data were categorized separately for each type

of cross partition (Types 1 through 4 of Figure 5) by PF category and

psf for basements, first, and upper stories and reported in Tables

F-XX through F-XXII and Figures F-15 through F-26 of Appendix F.

For basement shelter areas, 89 percent of the cross partitions

reported are Type 1 or Type 2. The numbers of basement shelter areas

with cross partitions reported are fairly evenly distributed by PF

category. The median psf for all types of cross partitions in basements

is 40 psf.

In first-story shelter areas, 60 percent of the partitions are Type

2, 42 percent of which are in PF Category 2. The median is-40 psf.

Finally, for upper stories, 72 percent of the partitions are Type

2 (42%) or Type 4 (307) with 18 percent in Type 1. Very few partitions

of any type are reported above PF Category 5 or 40 psf. Of the 761

shelter areas with cross partitions reported, only 9 percent are Type 3

partitions.
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Chapter 5

Area Factors

I INTRODUCTION

The protection factor (PF) computational procedure (Reference 14) of

the National Fallout Shelter Survey (NFSS) used predetermined area factors4

to estimate fractions of total floor areas offering protection greater than

a predetermined value. The area factors used in the NFSS are shown in

Table IV.

TA .E IV

NFSS Phase 1 Area Factors

CategorX PF Rane Area Factor

6 - 8 250 - over 1000 1.0

5 150 - 249 0.7

4 100 - 149 0.3

2 - 3 40 - 99 0.5

For shelters in PF Category 4-8 (PF 100 to >100),. area factors represent
the fraction of the total floor area which does not drop below PF 100.
For shelters with a center PF within PF Category 2-3 (PF 40 to 99), area
factors represent fractions of shelter areas with a perimeter PF of
approximately 70 percent of the shelter (S-AREA) center IF.

This chapter presents analyses of the effects of building characteristics

anJ combinatiops rf ground and roof contributions on the usable shelter irea

of a buildi g.
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II. LIMITATIONS OF NFSS AREA FACTORS

The NFSS Computer Program area factors represent usable areas in the

first story of a windowless square building receiving only ground contri-

bution. A previous evaluation of area factors (Reference 2 ) for this

type of structure indicated that the area factors presented in Table IV

are significantly conservative (from .1 to .2 should be added to each area

factor) to bring them to agreement with results of the Engineering Manual

procedure (Reference 1 ).

For the intended objective of determining gross estimates of the

total number of available shelter spaces by machine methods, the area

factor approach is excellent. However, a careful analysis of each

bu~ldLng in question should be made before final determination of the

actual area of the shelter is made. Relevant considerations are:

(1) Center PF - All applications of NFSS area factors are based on

the pF at the center of a building. This means that if the

center PF is not in PF Categories 2 through 8, no area factor is

applied and the entire story is considered to have a PF less than

the center PF. In reality, this assumption may be wrong. Because

of mutual shielding, irregularly spaced interior partitions, grade

level, etc., the PF might be higher at the end of a building story

than at the center.

(2) Interior Parritions - If a building contains interior partitioas, the

PF may drop rapidly outside the area bounded by partitior.s. In Phase

1 of the NFSS the location of partitions was not given unless a core

was reported. A core is defined in Refornce 15 as "a central portion
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of a story surrounded on two or more sides by interior partitions

of heavy construction.!' Cores were reported in Phase 1 for only the

first and second stories of a building and data collection forms

allowed only one partition per building side to be noted.

The area factor for a building with a core area or any interior

partitims may be quite different from one for a building with no

partitiors. For example, if the area bounded by partitions in a

story with a center PF in Category 4 is greater than .3 (Category 4

area factor) of the total floor area, the area of the shelter very

likely exterds to the partitions rather than just .3 of the total

area. Approximately 78 percent of Phase 2 upper story shelter

areas have parallel partitions. This in itself is reason to

believe that substantial increases in total shelter area might

be gained through use of a PF computational procedure that would

consider the location of interior partitions and compute PF's

at points other than the center of the building.

(3) Floor Thickness - The majority of buildings in the NFSS and all

.hose surveyed by RTI are exposed to limited planes of contami-

nation. A statistical study of Phase I data (Referen c 2 )

Lndicoe+d the nodal width of all planes of contamination

contributing to a shelter story to be less than 60 feet for

ivery VF category. Because of these narrow planes of contami-

nation, the thick.ess of floors for stories above grade is an

i,,ortUnt parameter to consider when determining the total area

of the shelter. Due to the narrow planen of contaminaticn, ground

contribution to stories above grade often must penetrate the floor
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below the detector. The PF is therefore quite dependent on the mass

thickness of the floor through which the radiation must penetrate. For

example, for a plane less than 300 feet wide, Technical Operations

Research determined that the dose rate at an upper story corner position

in a windowless building with light floors (Xf = 20 psf) was 1.4 times

that at the center position whereas it was 2.5 times greater than that

at the center for thick floors (Xf = 80 psf) (See Table 42 of Referencel6).

(4) Apertures - Analyses of aperture contributions in a square building

indicated that the usable area of a shelter depends on the percentage

of apertures (Reference 2). For example, on the second floor of a

5000 square foot hypothetical building with a center PF of 125, the

fractio of the area having a protection factor greater than 100 is

0.63 vi I' no apertures and increases to 0.56 with 10 percent apertures.

When apertures were added, the wall mass thickness was increased to

maintain a center PF of 125.

(5) Roof (ntribution - In shelters where the predominant contribution comes

from ground sources surrounding the building, the center of an above-

ground shelter should be the point with the highest PF. The PF would

decrease closer to the exterior wall. However, when roof or ceiling

cottribution is also present, the shelter area may be quite different

in size and location from that with no such contribution. For

example, with the predominant contribution coming from the roof,

the safest area would be closest to the exterior wall and the PF

would decrease as the center is approached. Upper stories of high

rise buildings, as well as basements, are shelter areas where roof

contribution can often exceed ground contribution.

o44



III. RTI INVESTIGATIONS

A. Method of Approach

Using Engineering Manual and AE Guide (References I and 17) procedures,

numerous computations were made to determine the range of PF'u in various size

buildings subject to combinations of roof and ground contributions. After

the exterior wall mass thickness giving a desired center PF in a building was

determined, computations were made for 6 other points in the building as illustra-

ted in Figure 6.

Points 1 and 2, 3 and 4, and 5 and 6 are on the perimeter of areas

arbitrarily chosen to be 30, 50, and 70 percent, respectively, of the total

building area. These points are located at approximately 54.8, 70.7, and 83.7

percent of the distance from the center perpendicular to the extErior wall and

from the center to the corner.

Roof contributions were determined by the Engineering Manual Method; ground

contributions calculated by the AR Guide which assumed all buildings to be square.

Calculations were made for buildings with the characteristics given in Appendix G.

FIGtQJR 6

Detector Locations for Area Factor Comutations
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B. Findinas

I. Roof Contribution Only

Using the same structural data required to give a desired PI in

the center of a square building, Engineering Manual roof computations

were made for the 6 points shown in Figure 6. These data were then

plotted as illustrated in Figure 7in order to determine by interpolation

the boundaries of the area with a selected PF. The illustration shows

the distances from the center of a 10,000 square foot building to points

where the PF reaches 100 on a line perpendicular to the exterior wall

(line through points 1, 3, and 5 of Figure 6) and on a diagonal line

(points 2, 4, and 6).

These points determine the boundaries of the area having a PF of at

least 100 within a building story and it was thus possible to calculate

the area of the shelter. For the case of all-roof contribution,the

shelter is adjacent to the exterior walls and not in the center of the

building. Very little variation was noted in the usable shelter,

expressed as a percent of the total area, for buildings in the 2,500 to

10,000 square foot range.

Conservative area factors for buildings with all roof contribution

are given in Table V . These area factors may also be used for rec-

tangularly shaped buildLngs when the A& Guid, procedure, which does not

consider the building shape. is used. This is because a rectangular

building with the same reas and construction characteristics as a square

building wiMl have less roof cantribution.
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FIGURE 7

Variation of PF with Detector Location - All Roof Contribution

(10,000 Square Foot Building -Center PF of 85)
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TABLE V

Area Factors - Roof Contribution Only

PF Category Area Factor

Area Greater Than PF 100 4 - 8 1.00

3 .56

2 .18

Area Greater Than PF 40 2 - 8 1.00

1 .26

It is important to note that shelter areas with a center PF

less than 40 and receiving predominantly roof contribution still have

considerable area of PF 40 or better.

(2) Ground and Roof Contribution

Most stories of structures receive some combination of ground and

roof contribution. Therefore, area factors for this type of structure

are very important in determining the shelter area of a story.

Various combinations of ground and roof contributions, ranging from

all-ground to all-roof, were calculated for upper stories of the hypo-

thetic~l buildings described in Appendix G. The contributions for each

building size and center PF were plotted as shown in Figure 8 . This

figure illustrates the variations in PF on a line from the center

perpendicular to the exterior wall in a 10,000 square foot area with a

center PF of 85. Similar graphs were prepared for PF's on a line from

the center of the building to the corner of the building. The bound-

aries of shelter area within a given PF range were then determined from

these charts.

As was found for all-roof contribution, the shelter areas were

fairly insensitive to changes in total building area. Therefore,

conservative shelter area data were again used and are presented in
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FIGURE 8Variation Of PF with Detector Location and Combinations Of Roof and Ground Contributin(10,000 Square Foot Building -u Cete F f 5
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FIGURE 9

Area Factors for Combinations of Ground and Roof Contributions

(Shelter Areas with PF Greater than 100)
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Figure 9 to show the area of a story with a PF of 100 or better when

exposed to infinite planes of contamination. This figure shows the

area factors for any combination of ground and roof contribution when

the center PF is known. This is therefore a very valuable figure for

use with a simplified procedure such as the AE Guide.

IV. RECOMMENDATIONS

For hand computational procedures where only a center PF is generally

calculated, it is recommended that Figure 9 be used to determine the area with
6/

a PF of 100 or more.-

Due to the complexities of the combined effects of apertures, interior

partitions, floor thickness, etc., the area of shelter in buildings of similar

size with the same center PP can be quite different. The PF computational pro-

cedure which has been programmed by RTI under Contract No. OCD-PS-64-65 for

use on a Control Data Corporation CDC 3600 Computer, therefore, does not use pre-

determined area factors. The PF is machine calculated at the center and at 8

predetermined ofcenter detector locations, which allows the computer to determine

the approximate areas of a building having a PP of a predetermined value.

In a related study, a simple technique for determining shelter boundaries in
a building by making only one P calculation in the shelter area was developed
and reported in Reference 3 . The technique accounts for nonuniform ground
contribution as well as the characteristics discussed in this chapter.

- 51 -



I

4
Chapter 6

The Effect of Ingress of Fallout Through Apertures

I. INTROUCTION

In a thermonuclear attack, damage to many fallout shelters will be

limited to broken windows. This study was made to determine the effect

of ingress of fallout particles through open windows on the protection

factor (PF) of a shelter. PF's of several hypothetical buildings with-

out ingress (rcferred to as "initial PF") were calculated using the RTI

computer program for the CDC 3600 (Reference 18), which is based on the

Engineering Manual Method (Reference 1). The contribution of ingress

fallout through open windows was then calculated manually using the

Engineering Manual Method. The resultant PF is referred to as "effective

PF." The PF'f wiLn and wiLaiout varying amounts of ingress fallout were

then compared.

II. INGRESS COMPUTATION

A. Buildinz Parameters

Small and large hypothetical buildings with floor areas of 2,000 square

feet (25 x 80) and 10,000 square feet (80 x 125) were used in this investi-

gation. The buildings were structures with five ten-foot high stories and

with ten-foot basesents that were 50 percent exposed. All building config-

urations had 100 paf exterior wells and roofs, and all sides were exposed to

a contaminated ground plane 80 feet wide. All cases were examined with and

without 40 paf interior partitions (lo ated 10 feet in from the exterior

walls) and with either 20 paf or WO pat floor weights throughout. All stories,

including the basement, were asmumed to have Ingress through either of two
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aperture configurations. One configuration had 50 percent of the wall area in

windows with 3-foot sill heights. The other case had one window, 5 feet wide by

4 feet high with a 3-foot sill, in the center of each wall.

Detectors were located in the third story and basement with both a center

and offcenter location (on the center line half the distance from the center

to the exterior wall) three feet above the floor. This range of structural

characteristics was selected in order to determine the effect of ingress fallout

in buildings of both light and heavy construction.

B. Ingress Fallout Distribution

Data obtained by NRDL in the study of the Costa Rican volcano, Irazu

(Reference 19), were considered when determining the deposition of fallou t for

this analysis. With natural ventilation, NRDL found that the areal mass density

of ingress fallout just inside a window was about four percent of that outside

the building. When a fan was used to pull air in the window, the density of the

ingresf lallout increaoed to approximately ten percent oi the outsioe fallout.

For this study of hypothetical buildings, ingress fallout densities of 2 percent

and 20 percent were used in order to show the effect of an extreme range of fallout

densities.

The buildings with 50 percent apertures were computed assuming a four-foot

wide strip of ingress fallout around the inside perimeter of the exterior wall

and also with the same total mass of fallout spread over the entire floor. When

partitions were considered, the fallout was spread between the exterior wall

and partition. For the buildings with one aperture per vall, it was assumed

either that ingress fallout was concentrated in an area the same size as the

window (5' x 4') and directly in front of it, or that this sam amount was spread

over the entire floor. These c.nfi urations were chosen to represent the range of

ingress fallout distribution that might be expected. Floor plan views of the

third story of the 2,000 square foot building are shown in Figure 10 as an

illustration of the" distributions.
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C. Ingress CQomutation Procedures

Contributions frum ingress fallout were determined through the use of

Engineering Manual Charts 1 (Bf) and 6. For the third-story detector location,

contributions from the second, third, and fourth stories were determined. For

basements, contributions from ingress fallout in both the exposed basement

and the story above were determined.

Solid angle fractions for the strip around the inside perimeter of the

exterior wall were determined through use of Engineering Manual Chart 3. The

contribution from the strip was determined by differencing the Chart 6 values

for these solid angle fractions.

Solid angle fractions (w) for the radii from the detector to the inner

and outer edges of the strip inside a single aperture were determined by the

equation given in the Engineering lanual (Reference 1)

w - I - Cos0

where 0- Tan 1 z

R - Radius from detectr to inner or outer edge
of strip, and

Z - perpendicular distance from detector to plane
of strip of contamination.

The Chart 6 contributions for these solid angle fractions were then differenced

and multiplied by the fraction of the total ring area occupied by the 4' x 5'

area of fallout.

Ill. FINDINGS AND CONCWSIONS

The effect of ingress fallout on the PF's of the third story of the

buildings are presented in Tables if-I through H-IV of Appendix IL The effects
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on basement PF's are presented in Tables H-V through H-VIII of Appendix H.

The change (decrease) in PF due to ingress fallout is shown in Figure 11 for

the center of the third story of the 5-story, 2000 square-foot, building

configurations. PF changes in the basements of the same structures are shown

in Figure 12. The most significant changes in PF were in the 2000 square-foot

building; therefore, the 10,000 square-foot data are not presented. These

figures indicate significant changes in PF, but generally only for the 20

percent concentration of ingress and 50 percent aperture configurations, which

are unexpected extremes of each parameter.

Figure 13 shows the cumulative distribution of the iractional decrease in

PP due to ingress fallout for all 128 cases studied. A change in PF of 10

percent or less was noted in more than 70 percent of the 128 cases. A change of

25 percent or greater was noted in only approximately 10 percent of the cases.

Ohter conclusions derived from an analysis of Figures 11 through 13, Tables

H-I through H-VIIlsand supporting calculations are:

(1) As expected, ingress fallout was found to have less effect in the larger

buildings.

(2) Tnr,'et falir.,t N* a reater 4fAct on the higher initial PF's.

Ingress fallout Is especially significant in basements due to the higher

initial PF's found in basement ares.

(3) The offcenter detector data were very similar to data for the center.

(4) Contribution* from the stories above and below the detector story

accounted for a msauim of 30 percent of the ingress contribution in

buildings with 20 pef floors and less then 10 percent in buildings

with 80 pf flors.

(5) For upper stories, ingress fallout equal to two percent of the outside

concentration causes a maxiua of 10 percent decrease In FF.

-56.



(6) The 20 percent concentration reducen the upper story i' by as murh

as 30 percent in a building wth interior partitions and by approrxi-

mately 50 percent Wi~hout them.

(7) A maximum reductim'n of PF of approximately 55 , ,rcent is noted for

basements in both biiidir- sizes.
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FIJRE 11

Decrease in Center PF Due to Ingresa Fallout - Third Stories
(2,000 Square Foot Buildings With and Without Partitions)

a. With Partitions, 20 Percent Ingress b. With Partitions, 2 Percent Ingress
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5 94 apertures, fa!lout distributed over perimeter, 20 psf floors.

A 50/ apertures, fal-lout distributed over entire floor, 20 paf floors.

One aperture per wall, fallout distributed over perimeter, 80 psf floors.
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S'C apertures, fallout distributed over perimeter, 80 psf floors.

5aY,, apertures, fallout distributed over entire floor, 80 psf floors.
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FIGURE 12

Decrease in Center PF Due to Ingross Fallout - B.e t
(?,0O0 Square Foot Duildl*g Wth and Without Partiriens)
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FIGURE 134

Cumuilative Distribution of Buildings by
Decrease in PF Due to Ingress Fallout

(128 Buildings)
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Appendix A

Contractual Scope of Work

The contractual description of Work Unit 1115D, Analysis of Survey Data,

Part III (Cost and Protection Analysis of HFSS Structures), Contract Number

OCD-PS-64-56 and Contract Number N-228-(62479)-66109, is as follows:

"Analyze Phase 2 data from the NFSS to indicate relative
importance of shielding characteristics in order to improve
PF calculations and to indicate the most important modifi-
cations to improve PF. Utilize this data and studies of
recurring types of key facilities under various geographic
and construction conditions to identify the most critical
engineering characteristics of the structure which would
require modification for occupancy and operations in a fall-
out situation. Provide PF computational procedures for
special characteristics of those key facilities for the
electronic computer program."
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Appendix B

Calculations for Shieldina Afforded by Lane Machinery

1. INTRODUCTIGI

The purpose of this Appendix is to investigate the additional shielding

that would be provided by massive items (bulk shield). Of primary interest

will be the consideration of ducts or holes traversing part or all of a

massive itm. For instance, what is the shielding afforded by a generator or

mot.m considering the cooling passages along the armature. Or, what is the

effect of a draft tunnel through the base of a furnace on its shlelding

characteristics?

11. TECUIC&L DISCUSSIQI

we will first consider the effect of holes which go comletely through

a bulk shield. These holes (which will be approximated as cylinders) will

provide a path for radiation strewming. A general configuration for the

problem is show in figure ]3-1.

The flux from a source pliane as indicated in Figure 1-1. which my be

an exterior wnll of a buiIdiag, to assumed to hae an obliquity variation

which is proportional to, the cOlnem function *Te' flux mnitted froms t is

scure pla will. therefore be given by:

w (e) doaA coo& do,(~l

Vim$ 4 sMOSM4a to the, angslat dep"A*W*c given an ?age 9 -of IW-lQO1

&qilmm In2.*(bfeeme D1I).



FIGURE B-i1

Bulk Shield With Throukh-Hole

2a~

Source Plane Lj

where e is the angle between the normal to the wall and the emergent

radiation, and A Is a normalization constant,

Tor the purposes of this Investigation, the source plant vili be

considered to be adjacent to the bulk shield, Therefore, the source seen

by thebulk shield vill be given by fuation (S-I)whreAe4

Soe radiation penetratinig the shield will consist of several copoents.

First, there is. te rAdation that penetrates all solid materiel. xwit,'

there is the radiation that stresss down the hao In the shield without

coaing in contact with solid utsvial. tarn, there is the radiation which

passes doam the hole after scattering from the material arnoWm the hao.

Finally, there is radistion which starts oust either In the hole and losses

11-2 I



into solid material or starts out in solid material and penetrates to the

hole, subsequently passing through the shield.

Also, of course, there is radiation which is multiply affected as it

traverses the shield; for instance that which starts out in the hole,

passes into the solid and sometimue later is rescattered into the hole.

However, this type of radiation will have undergone second order interactions

which, because of their small probability of occurrence, will La omitted

from consideration in this discussion. The effect of decrease in barrier

thickness due to holes through the solid material will, however, be taken

into account.

The angular distribution of the flux is described by (B-1); however,

the constant A is to be determined. For this problem, the flux at theI

source plane will be normalized to 0 photons per unit area. Then

f~ 2 w (a)usin ed (D-2)

U2xAJ cote d(cose)

0

of

A !9 (3-3)

vher the Istegratim to atmie4 aver the fomrd hemispher. oly. th"g



w(e) do--coo ode (B-4)

The radiation passing through the solid material in a bulk shield

to a detector of area D can be described by

DI - cos 9 B(X@V,) (1-A ) dil

0 IT p(B-5)

I* &B(XeVf) (1-A ) (1-co 2 a

where 08is the solid angle subtended by the source at the detector, d

is the maxima half-angle corresponding to 0 a, Vf is the fraction of the

volumne of the bulk shield occupied by solid materMi, and A pis the fraction

of the bulk shield surface, facing the source plane, which is aperture; i.e.,

through-holes. 3(XeVf) is the barrier factor for the solid material; X is

the mass thickness of solid material and X*V f is the mass thickness of the

solid material available in the shield.V

Radiation passing tLrough an aperture (through-hole) without collision

with the aperture walls to a detector of area D at the other end is given

by

CAk

Df cooed a (5-

0

where 0A ts the solid angle subtended by ame end of the aperture at the
p

ather and.

VndotemniqU XVf for a combination of materials, ama tone the X
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If it is aseumed that the detector is in the most exposed positionI;

i.e., that the source plane seen thro~ugh the aperture subtends the maximum

solid angle possibIre-then Equation (B-6) gives the maxim=, dose that can be

received by the detector. In this case, Equation (B-6) integrates to

61aMp(1- cos2 
6 33) (-)

p

where ?ax is the aaxirm half-angle that can be subtended by the portion ofA
p

source plane seen by the detector through an aperture-corresponding to the

solid angle a A* 1ihe other quantities are as defined above.
p

22ie radiation which passes through the apertures after colliding with

and being scattered from the aperture walls will depend on the albedo, of the

solid material, goi geometry of the proble is indicated in Figure 1-2.

FIGURE B-2

Aperture Wall Scaterina eoMetry

sour"e
a Deecto

1.



The radiation leaving the area elemeut of the source plane, ds, which

reaches the area element if the aperture wall, dA, Is given by

A() d o co s a (-8)
2rl 1

he flux reflected or reemitted from dA is a fraction a of that

falling on dA. a is known as the albedo and is a function of the energy and

angle of incidence of the radiation. Assuming the reflected radiation is

isotropic, the flux which reaches a detector of Area D at the end of the

aperture is given by

f 2 a (13,E) D dSA. (B-9)

To account for multiple scattering of neutrons in ducts, a is replaced by

a- (Reference 1-2). Ihis formulation can also be used for gamin

radiation to give an approximation of the effect of multiple interactions.

7hen Equation (1-9) becomes

II 2 L fit" D. dSdA (1-1)

where a - a (i.1).

Zasmib as we are Irnesthetia shetldLng characteristics, and the

effects of holds, we can look at a worat case for radiation doe* calculation.

This will occur when the detector is the site of the aperture and adjacent co
2

the bulk shield. Ma this ase, D *1 a2 .

- 8-



From Figure B-2 it is seen that cos =sin 0. Therefore, Equation

(B-10) becomes

2i cos S3afl ga, dSdA . (B-11)coB r 1- a 2 ;r 2

A S12

In order to reduce the functional dependence of the variables in

Equationi (B-li), we must define more geometric quantities. Figure B-3 shows

the quantities with which we will be concerned.

FIGURE B-3

Description of Integration Variables

__r dA
a e

7

ds
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74
I

Prom FigureB-3, r 1  secO, ds d~dptan =2q/ , and2 2 a 2

- 2ap cosy. Therefore, 2 tan2 e a2 + 2 - 2ap cos7. Also dA - adydt.

Substituting these quantities into (B-il), yields

4 s Cs3 1$n - 12 Odydp adydA (B-12)

A S

From above, tan e - I a2 +p2-2a cos7 - 4sc7- 1

Therefore, sec2e = 1 + 1 (a2 + - 2a0 cosy) and making the approximation

that L-1 = r2 , (B-12) becomes

1

2 + I (a2 + 02 - 2ap cos y)

2 Pa d7 dpdydl (B-13)
(L-

which looks ferocious.

Equation (B-13) will give the portion of the radiation streaming down

an aperture which is scattered at the aperture walls. In its present form,

the integration would have to be done numerically, but some simplifying

assumptions, which are yet conservative as pertains to shielding, will make

the problem much more amenable to solution. We thus assume that the entire

source plane is replaced by a point source. of equal intensity and angular

dependence on the axis at the end of the cylinder. The strength of this

-- 8-
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point source will be na2 t The quantity r1 , will then be r a csc e

and, as before r will be approximated by L - . Then Equation (B-I)

becomes

s cos sin aad . (B-14)
2 2 1- a ( )2

a csc (LL

We now make the approximation that the through-holes we are considering
have the ratio a/L << 1. This being the case, the quantity (L - 1)2 in the

denominator of (B-14) can be conservatively replaced by (L2/4).1 Then the

number of photons which pass through an aperture to a detector of area D

after scattering from a wall one or more times will be given approximately

by (since a cote - I and therefore -csc 2 ode = dg):
4¢ a4  A/2

s - D f sin e a d(sin e)

0 4

D2 0 ga4  D2 40 2 )-
2 s  a B.

L2 I-a L2 1 a -. a

L 2

where Ap * N a2 /WH, N is the number of holes of area ga in a surface of

width W and height H, and is an average value for the albedo function

at energy E. To pick a value for the albedo function, consider the distance

down a tube an "average" photon will go before colliding with a wall. This

is given by

2/This corresponds to saying that by the time the integration has covered half
the length of the duct, the angle e is so small the rest of the length makes
only a small contribution to tha integral.

- B-9 -
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pcose , df 0 fo T cos 2 e de (-16), = a -'(} 6
cos e d D irI/2c o s ds i n C c o s 6 d e

a + 2 = 1.57a
2 at/ 0 2

This corresponds to the average photon impinging on the tube wall at an

angle of 57.5 degrees.

According to Shoemaker and Huddleston (as reported by Barrett and

Waldman, Reference B-3), if one uses the dose albedo approximated by the

Chilton--Huddleston formula (Reference B-4), there is no need to measure the

albedo for other than coplaner incident and scattered radiation. This is true

since the value of the albedo for a given set of incident, reflection, and

scattering angles is independent of the plane of incidence and plane of

reflection. The Chilton-Huddleston formula is:

C K(P 1026 + C/
a (B-17)

L + cos 0 se"'

where C and C are fitting constants determined by the backscattering

material and the incident photon energy; K(13) Is the Klein-Vishina value

of the energy Scattering cross-section per electron, per steradian about

the scattering angle ps. p is the angle of the incident photon with the

normal and pis the angle with the norml of the scattered photon (cf.

Figure *-2). 7he conclusions of the work of Barrett and Waldman (Reference B-3)

- B-10
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indicate that Equation (B-17) does adequately describe the differential

albedo. Therefore, we can use their data for coplanar incidence and

reflection and determine a dose albedo.

For - 60 , assuming coplanar incident and emission angles, / -

180-60-p = 120-ps. Then for CO60 gammas reflected from iron, Reference

B-3 gives,

P/ 10 a (60,p/) sin P/ a x 10 x sin p/ p/ (radians)

(dexrees) (dexrees)

50 70 33.08 .94 31.05 1.21

60 60 30.53 .866 26.4 1.05

70 50 25.51 .766 16.4 .875

100 20 17.04 .342 5.82 .3495

110 10 15.38 .174 2.67 .1743

The total albedo for photons incident at 600 is obtained by integrating over

all directions which contribute to the reflected radiation. Using the above
0 I/2

data a numerical integration gives $ (600) - f aW ) sin 1 dp" - 27.6

x10-3 , a constant, where $ indicates cop lanar Incidence and reflection.
Assuming that is independent of direction of reflection, the total albedo

I in given by:

-2a x ,27.6 x 10- - .173.

/hia is a conservative asutption, the albado is greatest for foinard scattering,

coplanar incidence and reflection represent the uaxim. forward scattering angle
for a particular angle of reflection. Therefore, the albedo calculated on this
asauption is a smam and the effect is to eipasise the magnitude of radiation
strea m g in a duct.

- -- -



Therefore, the total dose albedo from iron for forward scattered 1.25

mev photons is approximately 0.17 for an incident angle of 600. This

quantity is in rough agreement with the data of Berger and Raso (as reported

by Terrell and Jerri, Reference B-5) for 0.5 mev photons reflected by

concrete.

This a is of sufficient accuracy to estimate the effect of duct wall

scatter for photons incident at 57.5 ° . The streaming of photons down an

aperture after wall collision will thus be given by Equation (B-15) where

has the value 0.205.1 - a

We now consider tha case of radiation which starts out either in a

hole and passes into solid material, or which starts out in solid matErial

and penetrates to a hole. Since the holes being considered have L/a >> 1,

and since before collision with a wall the average photov travels a distance

down a hole I which is small compared to L (I - 1.57a for photons with their

source on the axis of the hole), and since the percent of radiation reflected

at a wall is small (a - 0.17, from above), many simplifications are available

to the problem. First of all, since the distance traversed by a photon in a hole

is mall coqared to the overall length of the shield, the flight distance in

the hole can be neglec .ed. Howeer, the average photon also travels at an

angle of 32.5 degrees with the axis of the hole and thus its straight line

path through the shield is approximately d a L sec 32.5. Also, since the

albedoa of lron, concrete, and other materials of which a bulk shields are

likely to be constructed all are rather mall, we can, to a good approximation

consider that the apertures (throqh-holes) have no effect on the attenuation

of the shield exept to reduce its mass thickess; i.e., for this calculation,

-1.12-
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we ignore the fact some of the photons stream down the holes. therefore,

for radiation starting in a hule and passing into solid material, the

radiation transmitted by the shield to a detector of area D will be given

approximately by

0
S

D A f - cos OB(X"sec 5.Vf) dO

0
(B-18)

= D A OsB(X.'-aec -Vf) (1 -cos 2 e )
ps 8

where e is the average obliquity angle of the radiation incident on .he

aperture--32.5 degrees for the coiine distribution kiven abe, s is the

max
maximum solid angle subtended by the source plane at the aetector, and

is the corresponding maximum half-angle.

The radiation which enters the solid material but later encounters a

hole and streams down the hole will be a small factor because of the low

gaiea albedos. The only effect that has to be considered is the effective

decrease of the mean paths through a bulk shield. However, as shown above,

this affect Is negligible for radiation incident on the hole from the source

and the effect should be negligible in this case also. All other effects of

the decrease in mas thickness have been accounted for in thb volu fraction

tim included in Rquatias (5-5). Therefore, a ",ero to account specifically

for flux enterin the shield thr&h the solid portion and subsequently

scattered dvwn a throgh-hole may be omitted from consideration.

- 5-13 -
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Including all of the significant contributors to dose rate at a

detector of area D, from Equations(B-5), (B-7), (B-15), and (B-18); the

total exposure, E, at the end of a bulk shield, is given by

2 max 2 max
E= ( s B(X Vf) (1 - Ap) (1 - cos esa )+ Ds Ap (1 - cos e s

2sAP a 2 max

2a + Ap t B(X sec e Vf) (1 - cos es  )]D

-- 2 max

Di s  [B (X Vf) (I - Ap) + B(X sec -9 Vf ) Ap] (1 - cos 2 )
s f fs

2 photons, (B-19)

A) 2  Ap a sec'+ Ap (1 - cos OAL

III. DISCUSSION

It has been assumed that a barrier factor, B (X) can be obtained for

the case considered, i.e., for a cosine flux distribution from a limited

plane source. Spencer (Reference B-6) has calculated barrier factors,

L (c) and L(X) for an infinite medium of air as a function of distance in

air above an infinite plane uniformly covered with isotropic point sources.

Also, Spencer (Ms. cit.) gives curves for dose angular distributions,

I (d, cosG)for radiation above the plane. The curve for g (d, cos e) given

for d = 1200 feet is very nearly a cosine function for the forward component

(cos e > 0). Therefore, the curve given by Spencer for L (D) can be used

- B-14 -



for the infinite medium barrier factor with a cosine source distribution

by renormalizing to t:, 1200 ft. (X 120 5/ psi = 90.2 psf) point. For the

geometries with which we are concerned (several path lengths of shield

thickness), the radiation intensity received by a detector at a constant

distance from a source plane is proportional to the solid angle subtended

by the source times the radiation emitted into this solid angle. This

fact is included in the present formulation by the integrations in Equations

(B-5) and (B-18) for, in effect, these integrations take the ratio of radiation

emitted by a particular source plane to that emitted by an infinite

plane. Within the accuracy of the calculations, the finite media with which we are

concerned are well represented by considering them as fractions of infinite media.

The appropriate barrier factor for the present application is obtained by taking

the ratio of the barrier factors L(X) given by Spencer for 90 psf and for

X. Vf + 90 psf:

B (X) = L(X + 90 psf) (B-20)
L (90 psf)

where 2: = X.Vf is the argument of the barrier factors appearing in Equation

(B-19).

Equation (B-19) gives an expression for the total exposure, E, of a

detector to radiation coming through a bulk shield. We now investigate the

relative magnitudes of the terms in this equation. A typical piece of massive

machinery providing bulk shielding will probably be constructed primarily of iron.

The characteristics of heavy machinery vary considerably. A large diesel engine

might have a volume fraction of from 5 to 10 percent iron; a large generator

might run from 20 to 30 percent iron. (The other solid materi-ils are included

- 13.3 feet in air is equal to one psf.

- B-15 -



in these numbers--iron is assumed to be the equivalent of other metals as

far as ganma radiation is concerned). For our purposes, we will consider

a generator.

A large generator will be about 20 feet long, 10 feec wide, and 10

feet high--of which about 7 feet will be above floor level. These generators

are completely enclosed with a steel pressure shell about three inches
9

thick. However, since we are trying to evaluate the importance of terms

in Equation (B-19), this shield will be ignored. Of the twenty-foot length,

about two feet on each end will be essentially empty. Then there will be

about thirty 6-inch ducts passing through the machinery parallel to t axis.

The overall volume fraction of iron will be about 30%. Therefore, we have

the following characteristics:

X = (0.931) (480) (20) paf - 894 psf (assuming solid iron, 20 feet thick)

V 0.30Vf
~30s (.251 2  =0

Ap= 10 0.06

a 0.25 ft.

L a 20 ft.

S0. 205

.32. °  0.37 rad.

20 - 0.0125 rad.

ta.. ' 1 j- 140 0. 2" rad.4A 20
using the quarities9

Xv - 268 pet

X soc @.V f 318 pet .- -
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and from Equation (B-20), using L(X) of Spencer (Reference B-6),

B (268 psf) L (268 + 90 vsf) ,, 5,2 x 10"5
L (90 psf) 2.6 2 - 2.0 x

end

B (318 psf) - 1'9 x 05- 7.3 x 10- 4

2.6 x 10
-2

We now evaluate Equation (B-19), term by term:

B (X.Vf) (1 - Ap) (1 - cos 2 d x) - (2.0 x 10 - 3 ) (0.94) (0.06) - 1.12 x 10 4

g ( se 8.Vf A (1 co2 max)-(.

(X sec f ) - (7.3 x 10 ) (0.06) (0.06) - 2.62 x 10 -

(.o2 max -

(1-co2 9 ) A (1 - (0.99992)2) (0.06) - (1.6 x 10 4 ) (0.06) - 9.6 x 10- 6

22
2 j-L 4 . 2 20 (0.06) (0.205) 2 (1.56 x 10-4 ) (0.06) (0.205)L2 API a2

- 3.76 x 10
-6

The largest component is therefore seen to be B (X.Vf) (-Ap) (1 - coo2

0"') which is due to transmission throu~h the solid material. The other

contributors to radiation dose are seen to be maller than this component

by more than an order of ,magitude.

1Th situatioan calculated In the above exauple is believed to be a worst

case, i.e., vill maxmdse the importance of radiation streaming. Even here,

the effect of through-holes is mU. Since enclosures of voids inside a

-3-17-



machine will be of less importance than through-holes, aside from their

effect on volume fraction and thus on B (X), these will also have small

effects. Therefore, the shielding afforded by bulk materials can be

accounted for to a good approximation by homogenizing the solid material

over the volume of the shield, ignoring effects of voids and ducts other

than that included in specifying the volume fraction, Vf, of the solid

material present.

The exposure E will then be given by:

E -D 0 B (X.Vf) (1 - cos 2 dnax (B-21)

where B(X.Vf) is computed for a. cosine distribution as shown in Equation

(B-20).

However, even though a bulk shield is homogenized for calculational

purposes, through-holes will cause local hot-spots of radiation; they should

therefore be avoided by persons In a shelter which utilizes bulk shielding.

IV. COMPARISON WITH EXPERVWT

Pratt and Kouts (Reference B-7) have measured the ratio of ga radiation

leaking through a water shield containing cylindrical voids to that leaking

through a shield containing no voids. The wids considered consisted of

2, 4, 6, 8, 12, and 18 inch diameter cylinders with lengths varying from 84

to 143 inches for the smallest diameter and 24 to 48 inches for the largest.

Measurements were made using both GM counters and ion chambers. The gam

source was a natural uranium plate mounted over a reactor in the BNL water

tank shielding facility. This supplied a source of fission gems, most of

-3-18 -
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which have an average energy of one mev. This radiation is similar to that

of fallout and the results of the experimentare thus comparable with the

present calculations.

The water tank in which the experiments were run was about 12 feet

high and 5 feet wide. All of the cylindrical voids had their axes in the

vertical direction with their upper ends at the top of the water tank (the

source plate completely covered the bottom).

Since the ion chamber response roughly approximates the dose received

by tissue, the data taken with this instrument were used for the present

comparison, The flux profile across the top of each cylindrical void was

determined and the results preaented in Reference B-7 in graphical and

tabular form.

We used the data from Reference 3-7 in the following manner. For each

cylindrical void diameter, the peaks of the flux ratios ' observed at the

top of ..,e voids were plotted as a function of void length. The value that

would be observed for cylindrical voids of 100 inches length were then obtained

by interpolation. Then the flux ratios were plotted as a function of cylinder

diameter for the 100 inch void length and the results extrapolated to 61-inch I
diameter (the diameter of the water tank). This gave the ratio of the flux

observed-with the tank filled to a depth of 43 nches to that with it completely

filled. Next, the plots of flux ratio for each diameter void were extrapolated

to P void of sufficient lngth to pass completely through twater tank.

Y-!hc flux measurements were made as a function of position acror the top of
the voids. The data were prevented on a ratio of the flux observed at each
josition over tha void to that observed in the same position with no void
preseut. This forms a flux ratio curve. The peak of this curve corresponds
to a*e present cAlculations.
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Finally, this full length void ratio was divided by the partially filled tank

ratio. The. rpsults gave the ratio of the flux observed through a cylindrical

through-hole of various diameters to that observed through a water shield of

248 psf (30 percent of that of the full tank mass thickness). The results of

these calculations are shown in Figure B-4.

The point for the 18" duct is not included in Figure B-4 since there

were insufficient measurements made for this d-'A.ieter to reliably extrapolate

the data to obtain the results for a duct 12 feet in length.

If the barrier slab had been homogenized over the whole 12-foot distance

between source and detector, instead of contained in the area adjacent to the

source, the results would have been somewhat different. Also, had the 12-foot

duct passed through the homogenized material rather than that of 100 percent

density, the answers would have varied to a degree. However, the effects would

not alter the conclusions that obtain from Figure B-4. From this figure it is

jeen that for a duct one foot in diameter, by 12 feet long in a 30 percent dense

material, a 25 percent increase in radiation will be obse0rved AT THE MOUTH OF THE

DUCT. Therefore, one should always avoid open ducts. However, the duct itself

comprises only 4 percent of the shield volume and thus the total radiation

passing through a bulk shield is not greatly affected by the presence of ducts

provided one is either some distance from the shield, or not directly in front

of a hole. It should also be notad that a 12-inch through-hole in bulk shielding

is not very common, and for the much smaller holes that usually occur (2 to 6

inch diameter) Figure B-4 indicates 11 percent or less increase in flux at the

end of the hole.
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FIGURE 3-4

Flux Ratio Curve
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A calculation was performed using Equation (B-19) for the relative

exposure expected through the 30% dense water shield with various aperture

fractions. The calculations gave aperture affects which are somewhat higher

than indicated by experimental data. These calculations assumed a cosine

distribution of the radiation at the source plane. In the experiment, the

source plane radiation was probably not as forward peaked as that given b3

a cosine function. This leads one to expect that the calculations should

over-estimate the duct effects. However, the results given by the theoretical

treatment are sufficiently greater than the experimental data for the

theoretical approach to be considered conservative independent of the source

distribution of the experiment.

The calculations evaluating the relative importance of the trms in

Equation B-19 indicated that the homogenized solid material term is of

primary significance. The additional terms, accounting for duct -treaming,

were found to be relatively unimportant. These unimportant terms are, however,

the ones which in comparison of calculated and experimental results were

found to be over-estimated by the theory. The conclusion that these

terms may be neglected in evaluating shielding characteristics of bulk

material is therefore more conservative than indicated by the theoretical

evaluation.

Thus, Equation (3-21) will, to a 5od approximation, give the shielding

to be afforded by bulk material; the reservation should be made, however, that

through-holes are still to be avoided.

D-22 -
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V. APPLICATION OF RESULTS

As indicated above, shielding afforded by bulk material can, to a good

approximation, be accounted for by homogenizing the material over the volume

it occupies. In the determination of this result, a cosine distribution

slab source was assumed. This distribution is approximately what would be

expected inside a heavy slab (90 psf), covered with uniform contamination.

In most cases, the wall of a building is not heavy enough to cause a forward

peaking of the flux distribution to the extent given by the cosine function.

Therefore, since a forward peaked distribution emphasizes the importance

of holes and voids in A radiation shield, the conclusion reached, using the cosine

distribution, that bulk material can be homogenized, is conservative.

In the application of the results obtained here, Equation (B-21) will give

the exposure due to radiation emitted from the inside of a wall. However,

instead of calculating this emitted radiation and subsequently finding the

exposure, a more direct method of obtaining shielding afforded by bulk

material is to merely add to the wall msa thickness the homogenized mass

thickness of the bulk material and proceed with shelter calculations in the

usual fashion.

One caution should be observed. In a sector analysis of a shelter, the

homogenized bulk shield material added to the wall should subtend the soe

azimuthal angle at the detector as the actual 'blk shield.

- 3..23 -
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Also, the height of the bulk shield mast not be changed. This is

generally conservative, but homogenizing the bulk material over an entire

wall height in a sector would often be definitely non-conservative.

Therefore, in applying the homogenization procedure to engineering

calculations, the mass of the shield in added to the mass of the wall

keeping the height of the bulk mass and the angle it subtends at Lhe

detector position constant.

- 5-24-
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APPENDIX C

Description of Surveyed Key Facilities

This Appendix contains descriptions of the 26 key facilities surveyed

to identify special shielding problems and to determire the importance of

special equipment or interior contents in ascertaining the shelter capability

for certain critical operations. Included are exterior photographs, indica-

tions of the essential functions performed, type of construction, and the

protection factors determined by the Key Facility PF Computer Program.
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]BUILDING NO. 1

Fiveash Water Treatment Plant
Powcrline Road
Fort Lauderdale, Florida

Exterior View

Function

This facility is the main water treatment and pumping plant for the

city of Fort Lauderdale. It has storage tanks that hold 7Jj million gallons

of water, and the average consumption in Fort Lauderdale is 12 million

gallons per day. All functions are controlled from a room on the top story

of this two-story building.

Construction

This building it of all concrets construction. Many of the floors,

wialls, etc.,are quite thick due to the weight of water in tanks. The control

point, however, is on the top story of the plant and has a number of windows.

Protection

Although some PF 1000 or better space is available in a basement area,

the PT at the control panel is very low (12) and somer'ne is required in this

location at almost all times.
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BUILDING NO. 2

Fort Lauderdale Water Department

(Dixie Plant) .
State Road Number 7
Fort Lauderdale, Florida

Exterior View

Function

This facility, although only onasthird the size of the Fiveash Plant,

is a critical water puming and treatment station for Fort Lantderdale. The

critical water pressure controls are Iccated in the front one-story buil'Iin#.

Conutruction
This building has a concrete frum, and part of the exterior walls are

concrete. The part containing the operating controls has brick walls with a

part-wood part-concrete roof.

Frgottion.

The PP at the control point is only 15 due to the rather open construction.
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BUILDING. NO. 3

So~uth~ern Bell Telephone Co.
115 N.E. 3rd Avenue
Fort Lauderdale, Florida

Exterior View

Function

This building kiouses the telephone exchange for Fort Lauderdale. It

contains the telephone operators and the engineers necessary to maintain the

automatic dialing system. These engineers, necessary in order to maintain

ccumuundcations during an emergency period, are located on variou.s stories of

the buildir.

Construction

This building is a four-story concrete-frame building with heavy concrete

floors and thick brick and stucco exterior walls. Every story contains large

amounts of equipment.

Protection

The PF at the critical operating point for the automatic system on the

second floor is quite good (300), due primarily to the heavy walls, overhead

floors, and roof. The equipment and =uall apertures also contribute to overall

protection. The building contains Its oin emergency power plant and has some

potable water.
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BUILDING NO. 4

Municipal Court Building (Police)
1300 W. Broward Boulevard
Fort Lauderdale, Florida

Exterior View

Function

This building contains the Police department, the police comm~unications

switchboard, and the emergency city council communications off'ce. It is

therefore the center of cormnnications in an emergency situation.

Construction

This is a two-story building with concrete frame , concrete floors and roof,

masonry walls, and a partial basement. It does have quite a large percertage

of windows on the first floor; however, the basement is &!mxost completely

undergrou.nd.

Protection

The protection at Lhe c~amnicaticms switchboard on the first story is

quite low (7); however, directly below this switchboard is a basement shelter

with a high PY (over 100) aad complete emergency equipment (power, water, etc.).
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BUILDING NO. 5

Florida Power and Light
Fort Lauderdale Station
Griffin Road
Fort Lauderdale, Florida

Note: Photographs of this building were not permitted.

Function

This station is one of the medium size electric power producing plants of

the Florida Power and Light system. It furnishes power fot Fort Lauderdale;

however, it is possible to transfer power from other stations by remote control.

Construction

There are several buildings in this complex; the main building is a

steel frame, steel wall building with steel floors and a corrugated steel roof.

Protection

The controls for this plant are in the second level of the main building

where the boilers are located. This steel building provides a very low

protection factor of 4.5 at the controls; however, a building nearby, which

contains the electrical switching panel, is a very heavy concrete building with

a PF in excess of 100.
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i i

A _____________.__



BUILDING NO. 6

Firc Station Number One
N.W. 2nd Street
Fort Lauderdale, Florida

Exterior View

Func tion

This building is the central fire fighting center for the city of Fort

Lauderdale. The central radio communications to the police and the other fire

stations come through this office.

Construction

This building is a concrete frame building with walls of concrete block.

The main part of the building is one story high; however, part of the struc-

ture is two stories. The roof is quite light in construction.

Protection

The protection factor is only 5, primarily due to the fact that the

control point is located in the one story part of the structure and faces a

large open area through a large window. Very few areas of this btructure or

adjacent structures would have adequate protection.

C-7



BUILDING NO. 7

Holy Cross Hospital
4701 N. 1'ederal Highway
Fort Lauderdale, Florida

Exterior View

Function

This hospital is one of the largest hospitals in Fort Lauderdale. It

serves as the nerve center for health and emergency health operations. The

operating rooms on the third story were analyzed for protection against fallout.

Construction

This is a large five- 4ory building with a concrete frame, concrete floors

and roof, and masonry walls. Almost all floors have extensive concrete block

and glazed tile partitions.

Protection

Primarily due to partitions and heavy floors, the PF on the third story is

quite high (165) and this PF is typical of many areas in the building. The

building also has an emergency power system.
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BUILDINC NO. 8

Tulsa Water Treatment Plant
Tulsa, Oklahoma

Function

The Tulsa Water Treat-
ment Plant supplies water for
the city of Tulsa and surround-
ing area. The Main Building
contains boilers and turbines
for pumping water to the city.
The boiler control panel (in
the two story portion) and the
turbii-control panel (in the
one story portion) must be
manned constantly. The filter Main Building
buildings contain the filter
controls. Filter beds are
both outride of the newer
building in the foreground
and inside the older building
immediately behind the new
one in the photograph. The
filter controls must be checked
periodically. In the left back-
ground of the photograph, there
is a building that contains
pumps which take the water
from the lake (visible in
background). These pumps
must be checked periodically.

Construction

All of the buildings in
the Water Treatment Plant com-
plex have reinforced concrete
walls with a brick veneer. Filter Control and Pump Buildings

The roofs are concrete.

Protection

Due to surrounding buildings, water settling basins, and relatively

thick walls, the ground contribution was usually less significant than

the overhead contribution. In the Main Building, the Boiler Control Area

has a PF of 9 and the Turbine Control Area has a PF of 4. The New Filter

Control Building has a PF of 9 while the Old Filter Control Building has

a PF of 13.
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BUILDING NO. 9

St. Francis Hospital
6161 S. Yale
lulsa, Oklahoma

Function

St. Francis is a

large, privately endowed

hospital serving north-

eastern Oklahoma. Three Front ViewI

areas on the first story

were analyzed; surgery,

x-ray, and a laboratory.

Cona truction

The hospital is a

modern reinforced-con-

crete six-story building.

As with most hospitals,

the geometry is rather

complex.

t Protectiog

The surgery area was found to have a PF of 196, the X-rAy area a

PF of 37, and the laboratory a PF of 19. The NFSS showed all of these

to be PP Category 2 (PP 40-69).
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BUILDING NO. 10

Fire Alarm Building
Tulsa, Oklahoma

Function

The Municipal Fire

Alarm Building receives

all fire reports and dis-

patches firefight'.ng equip-

ment and men from the

various fire stations

throughout the city. The

control panel must be con- Exterior View

tinuously manned to direct

firefighting operations in

the city. The communi-

cations area is in the cen-

ter of a one story octagonal

shaped building.

Coas8tru€t ion

The building, which

has lower one story wings

on the front and aides, is

constructed of 12 inch

brick wall# with concrete

roof and floors. There

is a partially exposed

basemet. Fire Control Panel

protection

The P tJn the communications area is 15 without contents and 16 with

the interior contents.
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BUILDING NO. 11

Public Service Co. of

Oklahoma
Tulsa Power Plant
Tulsa, Oklahoma

Function

The Tulsa Power Sta-
tion supplies electric
power to the Tul3a area,
including the refinery
complexes that surround
the city. The plant con-
tains three fairly new
outside-type boilers and Administration Buildin
one older inside-type
boiler. The plant also

houses the dispatcher's
office where the power
demands from the Tulsa
area are monitored. Both
the new and the cid con-
trol rooms, as well as
the dispathing controls
must be continuously
manned.
Construction

The plant is con-
structed almost entirely
of brick. The Dispatcher's
Office and old control room
are located on the second
story of the two-story
administration area in front
of the plant. The new con-
trol room is located on the Boiler and-Turbine Area
second story level between the
boilers and turbine area.

Potectioa
The new control room has a PP of 35 with interior contents and 29 with-

ouc contents. The old control room and Dispatcher's Office have PF calcu-

lations of 33 and 31 respectively. This facility was not surveyed in the

NFSS. There are Sood basement shelter areas near the control rooms but they

can only be reached by first going outside to reach the older building.
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BUILDING NO. 12

Tulsa Police Commulunications
Municipal Court Building
401 S. Elgin Street
Tulsat Oklahoma

Function

The Tulsa Police

Communications are

headquarters in the

basement of the Munici-

pal Court Building. All Exterior View

police calls, by radio

and telephone, are

received in this room

and the police off icers

are dispatched from

there also.

The comunications

area is located in the

partially exposed base-

ment of a two-story

brick and stone building. Egtrance to Coummucations Area

frotection

IiThe IFof the Tulsa Police Comunications Center is 52.
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BUILDING NO. 13

Gas Compressor Plant No. 4
Gas Engineering Department ? , . .

Long Beach, California

Exterior View

Function

Gas Compressor Plant

No. 4 controls the dispensing

of natural gas in the city of

Long Beach. The control panel

must be continuously monitored.

Construction

The plant is constructed A

of a structural steel frame
Control Panel

and covered with transite.

Prote. tion

The 11, both with and without using the contents of the building,

was only 4. This is due to the large overhead roof contribution.
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BUILDING NO. 14

Alamitos Generating Plant
Southern California Edison Co.
Long Beach, California

Note: Photographs of this building
were not permitted.

Function

The Alamitos Genera24ng Station is part of the Southern Califurnia

Edison Company system, which supplies power to most of southern California.

The plant consists of four gas fired boilers with a total output of 990 NW.

Cons truct io'

d&he control room of the pomer plant is cnnstructed of 6-inch con-

crete blocL al11s with reinforved concrete floors aud 'oof of 8 inches

and 6 inches respectively. I-% additioa, he control room is shielded

by the turbines and other equipmunt.

The if of the control room is 37. Th power plant vs" not surveyed

by the 18.
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BUILDING NO. 15

Long Beach Water Treatment Plant
3610 East Spring Street
Long Beach, California

Exterior View

Function

The Frank E. Wall Water Treatment Plant treats and pumps the water

used by Long Beach and the surrounding communities. During an e.erger,>

it would be possible to pimp directly from wells into the closed storage

tanks and bypass the open treatment tanks. This would have to be controlled

from the new pump house control room.

Construction

The construction and small size of the pump house offer very little

fallout protection. The walls are primarily glass and aluminum with some

concrete block. The roof is light sheet metal.

Protection

The control room section provides only a Pr of 7.
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B?:TLDING NO. 16

Long Beach Fire Alarm Building
Connunications Center
1473 Peterson Street
Long Beach, California

Function

This facility receives
all fire reports, both
from alarm boxes and
by telephone. Fire- Exterior View

men and trucks of the vari-
ous fire stations through-
out the city are dispatched
from this facility.

Construction

The communications
area is located on the
south side of the second
floor of a two-story
building with masonry ex-
terior walls and concrete
floors. The rest of the

second floor contains
living quarters and the
first floor is a shop area.

Protect ion

The PF of the area was
calculated at 13 without View of Interior Contents
interior contents and 16
with interior contents.
Had the architect altered his design, it would have been possible to aof'rd the

operator minimum NFSS protection with very little additional e By

utilizing the following changes, a PF of 52 could be obtained for an estimated

cost of urder $1,000 without destroying the aesthetics of the building.

1. Put aperture lover sill height at 4 feet and -Apper sill height at

7 feet,

2. Replace metal wall panels with masonry,

3. Relocate vehicle door to other side of building.

4. Cover front stair well, and

5. Increase roof thickness by foor inches.

C - 17I



BUILDING NO. !7

Long Beach Community Hospital
1700 Termino Avenue
Long Beach, California

Exterior View

Function

This is one of the two large hospitals in Long Beach. The operating

room, on the second stury of the four story wing, was analyzed.

Construction

Community Hospital is constructed of 8 inch reinforced Loncrete walls

and 6 inch reinforced concrete floors.

Protection

The Operating Room area of Community Hospital was found to have a PF

of 45. This area was not included in the NFSS survey.
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BUILDING NO. 18

General Telephone Company
of California

Downtown Long Beach Central
Office Building

550 Elm Avenue
Long Beach, California

Function

The Telephone Central

Office Building contains the

primary relay equipment for

Long Beach. The trouble

shooting board, located on
Exterior View

the first story must be

manned if malfunctions are

to be spotted and corrected.

The switch gear on the second 7

story requires continued

maintenance.

Construction

The Central Office

Building is a four story

structure of reinforced

concrete.cctTrouble Shooting Board

Protection

i The Trouble Shooting Board area (first story) has a PF of 312 with

contents and and 223 without. The Switchgear area (second story) has a

PF of 690 with contents and 81 without. The Long Distance Operator area

(third story) has a PF of 80 with contents and 76 without. In this building,

the interior contents increase the protection considerably.
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BUILDING NO. 19

Police Communications Center
Public Safety Building
400 W. Broadway
Long Beach, California

<.II

Exterior View

Function

This facility is the nerve center of the Long Beach Police Department.

All telephone calls are received here as well as all radio communications with patrol

cars anc motorcycles throughout the city.

Construction

The Public Safety Building which contains the police communications center,

is a modern six-story structure containing the police department, jail, and other

,municipal eflices. The building is of curtain wall construction with the north

and south walls of glass and metal; the east and west walls are of marble. The

floors are concrete. The police communications center is in the southeast corner 7!

of the second floor.

Protection

Although the NFSS found basement and subbasement to be in PF Category

8, the upper stories did not reach PF Category 2. The area studied was found to

have a PF of 32 and other areas closer to the center of the building would

have higher PF's.
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BUILDING NO. 20

New England Telephone Company
City Hall Square
Lynn, Massachusetts

Exterior View

Function

This facility houses the central telephone exchange for the city. Most of

the equipment is automatic but maintenance personnel are reqllired to be on

each story at all times.

Construction

This structure has four stories and a basement. The building is of heavy

concrete construction with limestone facing. Floors and roof are concrete.

Protection

The second story of this buildingwhich contains relay racks, was analyzed

and found to have a PF of 142. Interior contents were not considered as

having any shielding effects due to the very light construction cf the relay

racks.
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BUILDING NO. 21

Lynn Crmunity Hospital
Lynn, Massachusetts

Exterior View

Function

This facility is the major hospital in the Lynn area and contains all of

the usual hospital operations.

Construction

Construction of most of the entire hospital complex is concrete and steel

frame with masonry exterior walls. The wing selected for analysis has 8"

brick exterior walls with 3" concrete floors and roof. It has five stories and

a basement.

Protection

The second story, whlch contains patient's rooms, was chosen for analysis

and was found to have a PF of 22. The major contribution is through the

apertures.
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BUILDING NO. 22

Lynn Police Headquarters
Sutton Street
Lynn, Massachusetts

Exterior View

Function

This structure contains all city police offices, police communications

center, and cell blocks. The communications center is manned at all times.

Construction

The portion of the building containing the communications center has brick

faced t:ile walls, with 2" reinforced concrete floors and roof. The structure

is two stories with a basement. The communications center is located on the

first story near the front entrance to the building.

Protection

The PF in the first story area occupied by the operator was found to be

10.
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BUILDING NO. 23

Fire Communications Center
Federal AvenueLynn, Massachusetts

Exterior View

Function

The second story of this facility houses the city-wide cominunications

system for the fire department and is manneci at all times. All incoming

calls come to this location and are forwarded to the propeTr fire station.

Construction

This facility is a two-story light steel frame struuzure with masonry

walls. The floors are of 3"1 lightweight concrete -.d the roof is tar and

gravel over 2" lightweight concrete.

Protection

The PF in the second story of this buildixig was found to be 6, due

mainly to the light roof.

- 24

"II



I
BUILDING NO. 24

Lynn Waterworks
Walnut Street
Lynn, Massachusetts

Exterior View

Function

T:,is building contains pumps and valves necessary for distributing water

throughout the city. It is necessary for the operator to be on the first

story periodically for short periods of time (approximately 10 minutes out of

each hour).

Construction

The building has heavy masonry walls with a wood-fra.me roof. The str'i-

ture has one story and a basement. ThE first story floor is of wood joist

construction except for one small area which has an 8" concrete floc'

Protection

Due to the relatively small size of the machinery contained in this

building, no shielding effects were considered for internal contents. The

operator's area was found to have a PF of 17. The basement area under the

concrete portion of the floor would have a PF considerably higher then tt:e

first story and w~u1d provide ,,rotection to the operator except for the periodic

trips to the first story.
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BUILDING NO. 25

Massachusetts Gas and Electric Company
Lynn Station - Boiler House
Broad Street
Lynn, Massachusetts

Exterior Vlew

,Function

This facility houses the boilers and power generating equipment. Ths

boilers are located on the second story and the boiler operators mus-t be in

essentially full-time attendance in order to maintain the boilerv.

Construction

The facility is a two-story buildinig of heavy masonry constr~lction. The

f loor of the second sto.:y is 6"1 reinforced concrete.

Protec tion

The boiler operator's area was found to have a PF of 16. This includes

the shielding effects of the bo'A'ers. If shielding by the boilers is

neglected, the PF is 13.

C- V)



It i
BUILDING NO. 26

Massachusetts Gas and Electric Company
Lynn Station - Control Room
Broad Street
Lynn, Massachusetts

Exterior View

Function

This building contains the switchboards, circuit breakers, and related

equipment used it the distribution of electric power. Outdated turbines and

generating equipment ore also loc ted here but they are no longer in use.

Construction

The structure is basically one tall story of heavy masonry construction.

The switching equipment is enclosed in a smalL cubicle on one side of the

building. This enclosure has an upper story wtinre all operations are carried

out. The floor of the upper story is 6" of concrete. The entire building

roof is slate with 114" gypsum 6acking.

Protection

The PF ir. the operatorta station was found to be 14. The generating

A equiprent located in this building offers no shielding effects due to its

location relative to the operatoc's area.
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Appendix D

Description of Key Facility PF Computer Program

This appendix contains the following data which are necessary to define the

computer program for deterining the protection factors In key facilities, or

other irregularly constructed buildings:

TAB 1 Building Data for Pi Processing

TAB 2 Sector Data for P Proceusing

TAB 3 Table of GAT Variables

TAS 4 Flow Charts for Key Facility 1? Computer Program

TAB 5 Sample Printout

TAB 6 Table of Output Variables

Data inputs indicated in Tabs 1 and 2 are given to the nearest foot for

dimsnione and to the nearest psf for maes thickneses.
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TAB I

UILDING DATA FOR PP PROCESSING

_ (Standard Location, xxxx.x= )
-. (Facility Number (4 digits) and Part of Parts, xoxx.xxxx)

(Total Height)
.. .. (Height of Story 0)

_ _ _ _ _ ( 1 )
( "2)

_ ( "I 3)
... . _ ( " 4)

_ ( "5)
_,,, __,,_ ( "6)
. ..... _ ( " 7)

_ ,_ _ _ ( 8 )
_____ _ ( "9)
,__ _ ( " 10)

(Floor Weight (pef) of Story 0)
______ ( ", 1)
.__ _ ( "2)

,,( " 3)
, , " 4)
( ", 5)
( 6)
.( 7)

__ _ C "8)
- "t 9)
( " 10)

,----..-.-- (Roof pot)
_ _(No. of Stories)

(Number of Sectors In Building)



TAB 2

S;TO2 DTP FOR PF P,1CESZUI- G

Facility I!uib'r (4 di3its) and Part of Parts, xxxx.xxxx
Sector I~umber

_ ,Az, Degrees in Sector
Lz, Length of Wall in Sector
Width of Building

- Length of Building
S, Side of Building Containing Sector.
Re, Radius out to midpoint of Sector Vall
"_Height of lst plane
Height of 2nd plane
Height of 3rd plane
_ Width of 1st plane
Width of 2nd plane
Width of 3rd plane

-__-.--- Actual Height of First Plane if it is Water
Xe(Exterior Wall Mass Thickness)
Xi(Interior Partition Mass Thickness)
Aza(Degrees of Apertures in Sector) Story 0

________L.S.Ht.(Lower Sill Height)
U.S.Ht.(Upper Sill Height)
_ _ . of Ap.(Width of Apertures

____ ___ Xex }
_______Xi

__ __ Aza
L.S.Ht. Story I

_U.S.Ht.

W. of Ap.
X6

Sxi

_ _ Sto A za
________ L.S.Ht. Story 2

U.S.qHt.
V. of Ap.J
Xe
xi
Aza

L.S.Ht. Story 3
U.S.H1t.
1-. of Ap..)

-"-_--- .Xe
,..___ Xi

Aza
-,, S.t Story 4

U.S.Ht.
- 17. of Ap.

__ _ Xe
Xi
Axea
L.S.Ht. Story 5
U.HS.t.

- W. of Ap.
Xe
xi

ilA z as t r 6

a - L.S.Ht. ory 6
U.S.t.3
V of Ap.
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TAB 1

BUILDING DATA FOR PP PROCESSING

(Standard Location, xxac.xxxx)
-_. _, (Facility Number (4 digits) and Part of Parts, xxxx.xxxx)

,,_ (Total Height)
(Height of Story 0)

. - ( "I)

..... __ _,, ( " 2)
( " 3)
( " 4)

( " 5)
_ ( "6)

_ ( " 7)
,_ _,_. _ ( "8)
....._ _ ( "9)

_ ( " 10)
(Floor Weight (psf) of Story 0)

) ( " 1)
,,_ ( " 2)

( " 3)
. , _ ( ", 4)

,,,_ ( "i 5)
,,_ _ ( "6)

_ ( "7)
,__ ( " 8)

( " 9)
_ ( " 10)

(Roof psf)
______...._ (No. of Stories)

__ (Number of Sectors in Building)
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TAB 4

Flow~ Charts for Key Faity
F Computer Program
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TAB 6

Definition of Output Variables

Z60 - Standard Location

Z61 - Facility No. of PART of PARTS

Y154 - Basement Overhead Contribution I

C154 = Detector Story Contribution f e
~for each

D!54 = Contribution from Story Above Detector plane of each
sector of each

X154 = Contribution from Story Below Detector story

Z177 = Total Contribution from all Stories for this Plane.

For Basement = C154 + Y154, for Other Stories
C154 + D154 + X154.

19 - Story Number

K5 = Sector Number

ID = Plane Number

Z174 = Detector Story Contribution

Z175 = Story Above Detector Contribution sum of planes
fo: each story
and each sector

Z176 Story Below Detector Contribution

Z178 - Z174 + Z175 + Z176

Z180, Z185, 190 ..... ,Total Detector Story Contribution

Z181, Z186, Z191 ..... ,Total Story Above Contribution

Z182, Z187, Z192 ..... ,Total Story Below Contribution

Z183, Z188, Z193 ...... ,Total Ground Contribution

Z184, Z189, Z194 ..... ,Story Number

Key to Numbers

The numbers given in this printout are fractions (digits to the right

of the decimal point) and its associated power of ten. Example:

33200 01 is .332 x 10' - 3.32
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Appendix F

Shelter Area and Building Part Tabulations by

Phase 2 Technical Shielding Characteristics

This appendix presents in tabular and graphical form the categorization
of the Phase 2 structural data described in Chapter 4 for a statistical sample
of 844 buildings. Shelter areas (stories containing shelter) and building parts
(complex shaped buildings were divided into parts) are categorized by aperture
sill height, interior partitions and areaways. Raw data used in this study are
available for other analyses.

NFSS instructions for collecting data on sill heights, interior partitions,
and areaways are paraphrased below:

1. Sill Heights: Enter the predominant sill height of the window openings
(apertures) in exterior walls "A" through "D" above the appropriate floor
level. Estimate to the nearest foot considered representative for the
majority of the apertures in the wall. Enter X's if wall under consider-
ation has no apertures.

2. Interior Partitions: The number and the average mass (estimated to the
nearest 10 psf) of those partitions such as corridor walls extending
parallel to Sides A, B, C and D (as used on the Phase 1 FOSDIC) will be
recorded. Only those partitions which extend for a major portion of the
evaluated shelter or shielded area and which lie between the exterior
wall and the center of the shelter or shielded area will be recorded.
Cross partitions, i.e. those separating adjacent rooms and not recorded
elsewhere, will be recorded. The estimated average spacing in feet will
be entered. The average mass is estimated to the nearest 10 psf. Enter
O's in appropriate columns if these are no significant partitions.

3. Basement Areaways: Data describing the location, length, distance from
corner, width of basement areaways and the height of window openings in
the basement walls exposed by the areaway are recorded as follows:

a. Enter a letter A, B, C or D corresponding to the side of the
building or building part in which the areaway is located.

b. Enter the length of the areaway, expressed to the nearest
(estimated) 10 percent of the length of the side in which it
is located. If more than one areaway exists along the same
wall, record the percent of their combined length.

c. Enter the estimated distance, in tens of feet, from the corner

of the building to the beginning of the areaway.

d. Enter the width, to the nearest foot, of the areaway, e.g., the
distance from the exterior face of the exposed basement wall
to the inside (exposed) face of the areaway wall. If the areaway
varies in width, record the estimated average effective width.

F-i
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TAMU 1-VIII

Total Cross Partiticnis Reported by 1,,. (All Sheltitr Aras)

Type 1 2 3 4 Tta
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FIGURE F-1

Estimated Distribution of All Areaways
AccordiDS to Width and Length

(493 Areavaye--Reported in 337 of 167 Bilding
Parts) Areaway
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F FIGURE F-2

Estimated Distribution of PP Category 2 Are a.According to Width and Length
(117 Areaways)
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FIGURE Y-3

EstiuaL'-d Distribution of PP Category 3 Areaway.
AAcordinst to Width and Length

(52 Aireaways)
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! FIGUIM P-4

Estimiated Distribution of PF Category 4 Areaways
Accordigs to Width and Length

(124 Areaways)
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FIGIRE P-5

Estimated Distribution of PP Category 5 AreawayJ
According to Width and Length

(64 Areaways)
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FIGURE F-6

Estimated Distribution of PT Category 6 Areaways
AccordiR4 to Width and Lengtth

(57 Areaways)
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FIGURE F-7
*4

Estimated Distribution of PF Catesory 7 Areaway.
According to Width and Length

(22 Areaways)
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FIGURE F-8

Estimated Distribution ofPP Catego~ry 8 Areaways
According to Width and Length

(57 Areaways)
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FIGURE F-9

Estimated Distribution of Sill Heights in
Basement Shelter Areas y P7 Category

(625 Basement Shelter Areas with Sill Heights Reported
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FIGURE F--10

Estimated Distribution of Sill Heigh~ts in
First story Shelter Areas by

(206 First Story Shelter Areas with Sill Heights Reported)*
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FIGURE F-l1

Estimated Distribution of Sill Heights inJ
Upper Story Shelter Areas by PP Category

(819 Basement Shelter Areas with Sill Heights Reportedt
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FIGURE P-12

Estimiated Distribution of Parallel Partitions
in Basement Shelter Areas byv PP Category

(525 Basement Shelt3r Areas with Parallel Partitions Reported)
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FIGURE F-13

Estimated Distribution of Parallel Partitions
in First Story Shelter Areas by PP Categor

(178 First Story Shelter Areas with Parallel Partitions Reported)

Cateitory

1.0 8
7

.9 6

r.4

* .8

ii .7
So.'

.6

w jJ

n4. 3

0.4
0 W4

2
9 4.

4J~4 .3

.2

0

5 10 20 50 100O200 ?10+

Average Mass Thickness (pet)

F-23



FIGURE F-14

Estimated Distribution of Parallel Partitions
in Upper Story Shelter Areas by PP Category

(656 Upper Story Shelter Areas with Parallel Partitions Reported)
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FIGURE F-15

Estimated Distribution of Type 1 Cross Partitions
in Basement Shelter Areas by PF Category

(88 Basemnt Shelter Areas with Type 1 Cross Partitions Reported)
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FIGURE F-16

Estiniated Distribution of Type 2 Cross Partitions
in Basement Shelter Areas by PF Category

(130 Basement Shelter Areas with Type 2 Croab Partitions Reported)
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FIOURE F-1.7

Estimasted Distribution of Type 3 Cross Partitions
in Basement Shelter Areas by 1! Categor

(13 Basement Shelter Areas with Type 3 Cross Partitions Reported)
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FIGURE F-19

Estimated DiLstribution of Type I Cross Partitions
in First Stor Shelter Areas ky PT Category

(16 Firat Story; Shelter Areas with Type 1 Cross Partitions Reported)
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FIGURE F-20

Estmatd Dstrbutonof Type 2Cross Priin
in First Story Shelter Areas by PT Category

(59 First Story Shelter~ Areas with Type 2 Cross Partitions Reported)
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FIGURE F-21

Estimated Distribution of Type 3 Cross Partitiona
in First 3tory Shelter Areas by PF Category

(15 First Story Shelter Areas with Type 3 Cross Partittons Reported)

PF

6,7,8

S.4

.4 44

.

f0
3

0w
4j 2

V4
-W -W

PW
44

"-I

U

"44

4

0 10 20 30 40 50 60 70 80 90

Average Mass Thickness (pef)

F-31



FICURE F-22

Estimated Distribution of Type 4 Cross Partitioua
in First Story Shelter Areas by PiF Category

(8 First Sto SheTter Areas with TLp Cross Partitions Repcrted)
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FI(JRE P-23

Estimated Distribution of Type 1 Cross Partitions
in U pU e Story Shelter Areas by P. Category

(77 Upper Story Shelter Areas with Type I Cross Partitions Reported)
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FIGURE F-24

Estimated Distribution of Type 2_Cross Partitions
in Upper Story Shelter Areas by PF Category

(176 Upper Story Shelter Areas with Type 2 Cross Partitions aeported)
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FIGURE F-25

Estimated Distribution of Type 3 Cross Partitions
in Upper Story Shelter Areas by PF Category

(38 Upper Story Shelter Areas with Type 3 Cross Partitions Reported)
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FIGUJRE F-26

Estimated Distribution of Type 4 Cross Partitions
in Upper Story Shelter Area; by PP Category

(127 Upper Story Shelter Areas with Type 4 Cross Partitions Reported)
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Appendix G

Characteristics of Buildin&s Used in Area Factor Comutations

PF computations were made for 4he six points shown in Figure 6 of Chapter 5
for the fifth story of square, seven story, windowless buildlng. -:posed to
infinite plones of contamination and six combinations of groun, and -,,of con-
tribution. Building areas analy,ed were 5,000, 7,000, and I0,C0 square feet.
Mass thicknessas of floors and exterior walls necessary to give center PF's of
55, 85, and 125 were determined for e&zh of these hypothetical structures.
These combinations of characteristics gave a total of 72 building configurations
for which the six off-center calculations were made.

For ground contribution, using the AE (luide, a height correction factor of
0.5 was used. For roof contribution, using the Engineering Mantal, the distance
from the detector to the roof (Z) was 27 feet. Because there were no apertures,
no floor weight correction factor was required.

The wall and overhead mass thicknesses used for given center PF'S in the
various sized buildings subject to combinations of roof and ground contribution
were:

MAs Thickness (psf)

Building Center R -L 1** -1 1 3

Area PP AlliR 4 & 4 G 2 2' 4R& 4 AlG

(Sq. Ft.)

1. Exterior Walla

5,000 55 " 166 133 115 103
85 " 188 154 134 123

125 " 203 172 153 140
7,500 55 " 158 125 109 95

85 " 180 148 127 114
125 " 195 164 147 133

10,000 55 " 152 120 103 91
85 " 174 142 121 106
125 " 189 159 141 127

2. Overhead

5,000 55 95 109 124 155
85 114 126 144 178 -

125 130 142 161 191 -
7, 55 98 111 126 157 -

85 117 128 146 180 -

125 132 144 162 192 -

10,000 55 100 113 127 158 -

85 119 130 147 181 -

125 133 145 163 193 -

R - Roof Coetributiou

0 - Ground ContrLbutior
i.,-1



Appendix H

Tabulated Data on the Effect of Ingress Fallout
in Basements and U per Stories

This appendix presents in tabulated form the results of the study of

the effect of ingress fallout on shelters. Tables H-I through I-IV contain

data for 2,000 and 10,000 square foot third stories, with and without

partitions. Similar data foz basements are in Tables H-V through H-VIII.
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the total floor arat offering protect' in greeter than a predetermineh value. the area factors uses in the 3158
do not vary with structural details of the building. Several shortcomingS of these approximate area factors arm
discussed. Analyses of shelters with only roof contribution and of shelters with both ground aMd ro',f contribu-
tion are presente~d. Nathods of determining more nearly correct area factora for each situation or* given for use
with simplified hand computational procedures. Lastly, for more exact computations, it io recomended that th*
shelter area ue calculated by computing "I's at several offlcentor locciona and detrmining graphiically the areas
tkich reacth a prescribed Pir. A study woo made to determine the kffec on the 1? of a shelter of ingress of fall-
out particles thIcough open windows, PF's in the baement and rh~rd story of several hypothticol buildings we,*
compared with "effective PIa" of 64imnstm areas somming Ingraes fallout. The areal mat densitiea of ingress
fallout in the moaghtorhood of apertures wr*~ 2 peircent and 20 percentr of the fallout density outside eavh hypo-
thetical building. A change in 15 of 10 percent or loe was noted in move than 70 percent of tht 1,24 cases. A
cheogit of 25 percent or Igmes r was noted in only appoximetely 10 percent of the casto.
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